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Chapter-1 
INTRODUCTION 
conse/i**e'(Uto44A^iiolofUuU/u).ealUi/'' 
S^. TW- S SiuamineUAan/ 
India is a fascinating country for its enormous plant wealth. We are fortunate 
to be blessed with varieties of climate from tropical to alpine and desert to humid. It 
has therefore a large array of vegetation and having more than 20000 plants species. 
Most part of this subcontinent falls in the biotic region of tropical deciduous forestry 
and tropical scrub forest. Tropical rain forest occupies a narrow belt in the west coast, 
north east and Andaman and Nicobar Island. The Indian floral and faunal resources 
are considered very rich. These plants are not only ecologically important but also 
provide aesthetic comfort. The diversity and extent of forest is declining. Our country 
harbors a wide range of medicinal and aromatic plants mostly used in Ayurvedic, 
Unani, Siddha, Homeopathic, Allopathic and other alternate medicinal practice. 
Reserve of herbs and stock of medicinal plants in developing countries are 
diminishing and in danger of extinction as a result of giving trade demands for 
cheaper healthcare product and new plant based therapeutic markets in preference to 
more expensive targets. India has more than 1500 tree species of which only few are 
regenerating. Over exploitation, selective exploration, grazing and fire are threatening 
their survival. During 1950 only 2000 alkaloid was known to the world. By 1970 the 
number increased to 4000 and in 2000 AD it has been estimated to be about 10,000 
alkaloids of which 5000 are chemically less known. In last 75 years the basic active 
principles like salicylic acid, alkaloids, saponings, glycosides, and steroid compound 
have been isolated from higher group of plants .In herbal drugs nearly 450 plant 
species are utilized in different formulation. The plants used in alternate medicine are 
awaiting the touch of modem knowledge. 
Apparently the quick decline of the vegetation cover of a country is directly 
linked with the rapid population growth (102 crores in India) with an ever increasing 
need. In the past sixty year the biotic scenario has undergone a drastic change due to 
uncontrolled anthropogenic activity. Biotic factors have aggravated the situation. 
threatening the phxiodiversity in India, broadly covering most of the threats to 
medicinal plant species and multipurpose trees specially. Over exploitation and 
indiscriminate use of wild resources in commercial demand nowadays play a great 
role not only behind quick decline of the species concerned but also become a threat 
for survival of other associated species thus acting as the major factors disturbing the 
entire ecosystem. 
The pivotal role of phytodiversity and its utilization in health care system drew 
the attention of World Health Organization (WHO) and Worlds Health Assembly has 
passed several resolutions pertaining to the study, use of traditional medicines in 
healthcare and the importance of medicinal plants in general. Today at a local level 
extremely wide range of plant species is used for medicinal purposes. The WHO has 
listed over 21,000 plant names (including synonyms) that have reported medicinal 
uses around the world. Thousands of medicinal an aromatic plants are already been 
reported in Indian literatures pertaining to medicinal importance. India has recognised 
just over 2,500 species having true medicinal value. Nevertheless, in India we know 
very little and still most of us are unaware about number of plants whose potential is 
yet to be exposed. 'Green' drug represent a belief that these drugs are safer healthier 
with no side effect, causing upsurge in the popularity of herbal medicines. 
Medicinally important plants continue to provide health security to rural people in 
developing countries in primary healthcare. 
For medicinal plants, like other plant parts in commercial demand, premature 
exploitation is another factor which is additionally responsible for rapid destruction 
of wild stock whenever a plant is in high demand, premature exploitation is 
expected to threaten next seasons propagation of species. Increasing concern is being 
expressed at different level on the fast depletion of biodiversity. The global 
community therefore has to commit for conservation sustainable development use and 
equitable sharing of benefits occurring. It is important to conserve our bioresearches 
on sustainable basis to feed the masses. To accomplish is huge task. Recently the 
WHO estimates that up to 70% percent of people are still relying mainly on traditional 
remedies such as herbs for their medicines. Plants are also source of many modem 
medicines. It is estimated that apparently one quarter of prescribed drug contain plant 
extract or active ingredient obtained from or modeled plant substance. 
Similarly, plantation crops meet human requirement for food limber medicine 
spices and fruits. It is necessary to increase the output of plantation crops several fold 
because of increasing population associated with shrinking land area. Plantation 
crops present certain unique problem for the plant breeder in terms of their 
improvement. Commercial cultivation of fruits is still in infancy and even at 
present the yield of fruits in most cases remains low and are within the means of 
working classes of developing world. Many tropical fruits remain under utilized due 
to the complex circumstances that encompass their production and marketing. 
Moreover the green revolution could make a relatively little impact on fruits cultivar 
development. Increase in fruit production can be achieved by advances in horticultural 
practices, post harvest handling and disease and pest control. Conventional 
propagation methods i.e. grafting, air layering and removal of suckers for 
improving the tropical fruit crop trees already exist for many important tropical 
fruits but the long juvenile period has made these technique time consuming and 
cumbersome. Clonal propagation and selection of fruit crops using tissue and 
organ culture techniques have considerable potential for the improvement of 
economically important fruits trees that have been under cultivation for many 
generation. 
Biotechnological tools have paved the way for conserving our resources in a 
multifaceted manner. One of the most commercially exploited components of plants 
biotechnology is plant tissue culture without doubt is the micropropagation of highly 
promising selected genotypes in diverse group of plant species such as ornamentals, 
medicinal and forest tree species. Several considerations for long term benefits 
became important. The foremost crucial concern has been the maintenance of 
genomic integrity of micropropagated plants so that advantages of micropropagation 
of elite genotypes are maintained. 
It has become a reliable and routine approach for large scale rapid plant 
multiplication which is based on plant cell, tissue and organ culture on well defined 
tissue culture media under aseptic conditions. A lot of research efforts are being 
made to develop and refine micropropagation methods and culture media for large 
scale plant multiplication of several number of plant species. However many forest 
and forest trees species still remain recalcitrant to in vitro culture and require highly 
specific culture conditions for their growth and development. The techniques are 
providing potential tools for the sustainable growth of agricultural, medicinal as well 
as food industry when aptly integrated with other technologies. It can be of significant 
assistance in meeting the needs of our ever increasing population nationally and 
globally as well. The medicinal plants are required for several important industries 
such as pharmaceutical, agrochemicals, food aromatic etc globally. It is the exigency 
to develop strategies not only for conservation of the valuable germplasm but also for 
their recurrent production at large scales, plant materials for genetic transformation 
and for the production of secondary metabolites using plant as bioreactors and for 
high active principle yielding cell lines. 
Improvement of plant quality and yield by cell manipulation through the 
sophisticated methods of genetic engineering has to rely on tissue culture for the final 
product. Micropropagation techniques and other biological interventions have proved 
fairly successful and could be commercialized for fruitcrops. However, due to 
difficulty in achieving high rates of their germination the progress in the application 
of tissue culture for clonal multiplication of tropical and temperate fruit trees has been 
rather slow. India being the second largest producer of vegetables and fruits in the 
world need to enhance certain productive means of horticulture. To cope with the 
rapid technological advancement increased business there is need for upgrading 
regeneration protocols, in house research and offseason cultivation. 
The recent challenges on plant cell cycle regulation and the present potential 
molecular mechanism of recalcitrant are providing excellent background for 
understanding totipotency and there by help in the development of efficient 
micropropagaton protocols. For large scale in vitro plant production the important 
attributes are the quality, disease free true to type elite clones, cost effective means, 
maintenance of genetic fidelity, and long term storage. The need for appropriate in 
vitro plant regeneration methods for woody plants, including forest trees, fruit trees 
and medicinal plants is still overwhelming in order to overcome problems such as 
somaclonal variation, recalcitrant rooting, hyperhydricity, polyphenols, loss of 
material during hardening and quality of plant material. 
In large scale reforestation programs the technique is offering several 
advantages over sexual propagation. By cloning selected elite trees, the sexual cycle 
involving genetic recombination is circumvented. Thus superior genetic characteristic 
are propagated unaltered. Due to long breeding cycle of tree improvement of the 
planting stock by sexual means is very slow. Clonal multiplication of selected 
genotypes hastens improvement of planting stock. The genetic uriformity of clones 
obtained by vegetative multiplication is an asset. The cloned propagule may grow 
faster than seedlings. Lastly some valuable trees which happen to be hybrids or 
polyploids and may therefore be infertile can sometimes be micropropagated 
easily (Bonga, 1981,1982). 
Barriers associated with woody plant culture 
Woody plants are generally not easy to culture due to constraints of episodic 
growth pattern, their recalcitrant nature, complex vegetatives life cycle. Regeneration 
and multiplication is not easy in vitro, especially when explants are taken from mature 
trees (Thorpe and Harry 1990). Woody plants often secrete substances into the 
medium in response to wounding or excision which inhibits the growth and 
development of explants in vitro Pierek, (1987); Bhardwaj and Ramawat (1993). The 
other serious problem with mature tissue is the contamination, thus hampering the 
progress of the cultures, vitrification, low response level and difficulty in root 
induction (Zimmerman, 1986). The intricacies of woody multipurpose species have 
been completely elaborated periodically by Ahuja(1987); Dhar and Upreti(1099); 
Pandeye/o/.,f2006). 
Despite these constraints protocols for regeneration of number of trees taxa 
employed explants derived from mature trees have been published (Babbar and Jain, 
2000). The procedure for production of plants from seedlings of S cuminii L., a 
myrtaceous fruit tree have been described earlier (Yadav et al., 1990; Jain and 
Babbar, 2000) 
However for micropropagation it is often preferable to use explants from 
mature plants where superior characteristics are evident. Therefore present 
experimental work was initiated with an aim to standardize and develop a precise 
protocol for in vitro regeneration and conservation from explants derived from mature 
trees of Syzigium cuminii and seedling derived explants from Nigella sativa. 
Description of the plants 
Syzigium cuminii L. 
Classification 
Kingdom 
Division 
Class 
Order 
Family 
Genus 
Species 
Plantae 
Magnoliophyta 
Magnoliopsida 
Myrtales 
Myrtaceae 
Syzigium 
Cuminii 
Synonym : Syzygium jambolanum, Eugenia cuminii, Eugenia jambolana. 
Cmmon name : Java plum, Jambul, Jamun, Jaman, black plum, Indian blackberry, 
Overview 
Syzygium cumini has been introduced to many different places where it has 
been utilized as a fruit producer, as an ornamental and also for its timber. It has the 
ability to form a dense cover, excluding all other species. A patent, US Pat 5900240, 
has bee granted on an edible herbal composition comprising mixture of herbs, one of 
which is Syzigium cuminii L. (Anonymous, 1999). 
Plant Description 
The jambolan is fast-growing, reaching full size in 40 years. It ranges up to 100 feet 
(30m and it may attain a spread of 36 feet (11m) with a trunk diameter of 2 or 3 feet 
(0.6-0.9m). The bark on the lower part of the tree is rough, cracked, flaking and 
discolored. The turpentine-scented evergreen leaves are opposite, 2 to 10 inches (5-
25cm) long, 1 to 4 inches (2.5-10cm) wide; oblong-oval or elliptic, blunt or tapering 
to a point at the apex. The flowers have a funnel-shaped calyx and 4 to 5 united 
petals, white at first, and then rose-pink, which quickly shed leaving only the 
numerous stamens. The fruits are in clusters, round or oblong, often curved and 
usually turns from green to light-magenta, then dark-purple or nearly black as it 
ripens. A white-fruited form has been reported in Indonesia. The skin is thin, smooth, 
glossy, and adherent. The pulp is purple or white, very juicy and normally encloses a 
single, oblong, green or brown seed, though some fruits have 2 to 5 seeds tightly 
compressed within a leathery coat and some are seedless. The fruit is usually 
astringent, sometimes unpalatably, and the flavor varies from acid to fairly sweet. 
Seeds loose viability quickly (Anonymous, 2003). 
6 
Habitat description: 
The tree occurs in the tropical and sub-tropical climates under a wide range of 
environmental conditions. It can tolerate prolonged flooding, it also grows well on 
well-drained soils and once established, can tolerate drought. The jambolan tree 
grows well from sea-level to 6,000 ft (1,800 m) but, above 2,000 ft (600 m) it does 
not fruit but can be grown for its timber. It prospers on river banks and has been 
known to withstand prolonged flooding. Dry weather is desirable during the flowering 
and fruiting periods. It is sensitive to frost when young but mature trees have been 
undamaged by brief below-freezing temperatures (Anonymous, 2003). 
Chemical Composition and Constituents. 
Main components are methylxanthoxylin, corilagin, ellagitanins, ellagic acid 
and gallic acid, jambosine, volatile oil, jambolin, quercetin, ferulic acid, veratrole, 
guajacol and caffeic acid. 
The oil contains terpenes, 1-limonene and dipentine, sesquiterpenes of cadalane type 
40 and sesquiterpenes of azulene type, 10% or less. The oil tends to polymerize on 
keeping. 
General Uses 
• "Jambolan" fruit can be eaten raw and can be made into tarts, sauces and jams. 
Good quality jambolan juice is excellent for syrup and squash. 
• In Goa and the Philippines, jambolans are an important source of wine, 
somewhat like Port, and the distilled liquors, brandy and "jambava" have also 
been made from the fermented fruit. 
• Juice obtained from the fruit could be made into vinegar that is very beneficial 
for health.. 
<• The jambolan tree is of real value in apiculture. The flowers have abundant 
nectar, and the honey is of fine quality. 
• The leaves have served as fodder for livestock and as food for tassar 
silkworms in India. 
• In Zanzibar and Pemba, the natives use young jambolan shoots for cleaning 
their teeth. 
• The essential oil distilled from the leaves is used to scent soap and is blended 
with other materials in making inexpensive perfume. 
• Jambolan bark yields durable brown dyes of various shades depending on the 
mordant and the strength of the extract. The bark contains 8 to '9°'o tannin and 
is much used in tanning leather and preserving fishing nets. 
• When kiln dried, the heartwood is hard, difficult to work but polishes well. It 
is durable in water and resistant to borers and termites. In India, it is 
commonly used for beams and rafters, posts, bridges, boats, oars, masts, 
troughs, well-lining, agricultural implements, carts, solid cart wheels, railway 
sleepers and the bottoms of railroad cars. It is sometimes made into furniture. 
<• In Israel the tree is valued for forestry in humid zones. The tree is grown as 
shade for coffee in India. It is wind-resistant and sometimes is closely planted 
in rows as a windbreak. 
Medicinal value 
<• It induces apoptosis in specific tumor cells. 
• It acts as antioxidant by protecting the cell from oxidative stress. 
• It is strong acid acting against reactive oxygen scavenging systems. 
• It significantly inhibites the growth of bacteria. 
• The fruit is stated to be astringent, stomachic, carminative, ant scorbutic and 
diuretic. 
• The juice of the ripe fruit, or a decoction of the fruit, or jambolan vinegar, may 
be administered in India in cases of enlargement of the spleen, chronic 
diarrhea and urine retention. 
*t* The juice is used as lotion for ringworm of the scalp. 
• The leaf juice is effective in the treatment of dysentery, either alone or in 
combination with the juice of mango or emblic leaves. 
• Jambolan leaves may be helpful as poultices on skin diseases. 
• The leaves, stems, flower buds, opened blossoms, and bark have some 
antibiotic activity. 
• A decoction of the bark is taken internally for dyspepsia, dysentery, and 
diarrhea and also serves as an enema. 
• Ashes of the bark, mixed with water, are spread over local inflammations, or, 
blended with oil, applied to bums. 
• In modem therapy, tannin is no longer approved on burned tissue because it is 
absorbed and can cause cancer. Excessive oral intake of tannin-ricri plan* 
products can also be dangerous to health. 
<• The fruit and seed of are used as antidiabetic agent by decreasing kidney's 
catalase activity. This causes a significant reduction in serum glucose by 
regeneration of pancreatic islet ceils. It stimulates insulin secretion and eliminates risk 
of hyperglycemia and cardiovascular complication. The leaves, steeped in alcohol, 
are prescribed in diabetes. 
Nigella sativa L. 
Classification 
Kingdom 
Division 
Class 
Order 
Family 
Genus 
Species 
Common name : sma 
Overview 
Plantae 
Magnoliophyta 
Magnoliopsida 
Ranunculales 
Ranunculaceae 
Nigella 
sativa 
ill fennel, black cumin, kalunji, kalajeera, kalaunji 
Nigella sativa, known in English as black cumin, is an annual flowering plant 
native to southwest Asia. In Islam, it is regarded as one of the greatest forms of 
healing medicine available. Prophet Mohammed once stated that the black seed can 
heal ever>' disease—except death—as recounted in the following hadith:[Sahih 
Muslim : Book 26 Kitab As-Salam, Number 5489] 
The seeds have a pungent bitter taste. Nigella sativa has been used for 
medicinal purposes for centuries, both as an herb and pressed into oil, in Asia, Middle 
East, and Africa. The seeds are used as spice in many parts of the world. Recent 
research on the Nigella Sativa (Black Cumin Seed) as an anti-biotic, anti-tumour, anti-
inflammatory, anti-histaminic, anti-bacterial, anti-bronchial and immune boosting 
agent has shown great promise (Anonymous, 2001). 
Plant Description 
Nigella saliva is an erect annual herb, up to 70 cm tall, with a well-developed 
yellow-brown taproot and numerous feeder roots. The stem is profusely branched, 
subterete, ribbed, and sometimes hollow when old and light to dark green. The leaves 
are bi-, tri- or even multi-pinnately dissected into short, thin sublinear, divergent, 
slightly pilose lobes, which are normally green. The flowers are terminal and solitary, 
delicate, and usually coloured pale blue and white, with 5-10 petals. All parts of the 
flower are inserted on a pale yellow, fleshy, depressed-conical receptacle. The fruit is 
a large and inflated capsule composed of 3-7 united follicles, each containing 
numerous seeds, which are often used as a spice (Anonymous, 2001). 
Geographical Distributions 
Nigella saliva is probably indigenous to the Mediterranean region and the 
Middle East up to India. In Europe, North America and Southeast Asia, it is cultivated 
on a minor scale mainly for medicinal purposes. It is found growing in all parts of 
India, especially in the eastern region. It is commercially cultivated in Punjab, 
Himachal Pradesh, Bihar and Assam. Beside its use in traditional medicine, Unani 
and Ayurvedic it is also used as spices or condiments in many parts of India and 
World. (Anonymous, 2001). 
Chemical Composition and constitution. 
Nigella seeds contain a brown-colored volatile oil at concentrations of 0.5% to 
1.6% and red-colored stable oil at approximately 31%. In addition, Nigella contains 
albumin, sugar, carbonic acid, seponin, melanthin, Arabic acid, the bitter compound 
nigellin, resins, tennins and ash. Also present are the volatile oils carvone, D-
lymonine and cymine. Its active agent nigellone is helpful in supporting the 
respiratory tract. (Anonymous, 2001). 
Numerous esters of structurally unusual unsaturated fatty acids with terpene 
alcohols (7%); furthermore, traces of alkaloids are found which belong to two 
different types: isochinoline alkaloids are represented by nigellimin and nigellimin-
A -^oxide, and pyrazol alkaloids include nigeliidin and nigellicin. Commercial nigella 
oil (Black Seed Oil, Black Cumin Oil) may also contain parts of the essential oil, 
mostly thymoquinone, by which it acquires an aromatic flavour. (Anonymous, 2001). 
In the essential oil (avr. 0.5%, max. 1.5%), thymoquinone was identified as the 
main component (up to 50%) besides /j-cymene (40%), a-pinene (up to 15%), 
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dithymoquinone and thymohydroquinone. Other terpene derivatives were found only 
in trace amounts: Carvacrol, carvone, limonene, 4-terpineol, citronellol. Furthermore, 
the essential oil contains significant (10%) amounts of fatty acid ethyl esters. On 
storage, thymoquinone yields dithymoquinone and higher oligocondensation products 
(nigellone). (Anonymous, 2001). 
Actions and therapeutic use (Medicinal values) 
• Analgesic and anti-spasmodic : Relieves or dampens sensation of pain and 
prevents or eases muscle spasms and cramps. 
•> Anlhelmintic: (Also know as vennicide or vermifuge) destroys and expels 
intestinal worms. 
<• Anti-Inflammatory: Reduces inflammation. 
<• Anli-Microbial: Destroys or inhibits the growth of destructive 
microorganisms. 
<• Antioxidant: Prevents or delays the damaging oxidization of the body's cells. 
particularly useful against free radicals. 
<• Diaphoretic and anti-Pyretic: Exhibits a "cooling action', useful in fever 
reduction and stimulate the release of toxins. 
<* Anti-tumor: Counteracts or prevents the formation of malignant tumors. 
<• Carminative: Stimulates digestion and induces the expulsion of gas from the 
stomach and the intestines. 
•J* Diuretic: Stimulates urination to relieve bloating and rid the body of any 
excess water. 
<• Digestive: Stimulates bile and aids in the digestive process. 
<• Emmenagogue: Stimulates menstrual ilow and activity. 
<• Gaiactogogue: Stimulates the action of milk in new mothers. 
•t* Immunomodulator: Suppresses or strengthens immune system activity as 
needed for optimum balance. 
<• Cardioprotective activity - Strengthen cardiac muscle and activity, relieves 
hypertension. 
•> Laxative: Causes looseness or relaxation of the bowels. 
••• Anti-cestodal activity 
• Anti-asthmatic activity 
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• Neuroprotective activit>' 
<• Hepatoprotective activity 
• Gastroprotective activity 
In the present study emphasis will be given to generate an effective protocol 
for micro propagation of two highly useful medicinal herbaceous plants and 
multipurpose tree (woody) plant that will be rapid, cost effective and highly efficient. 
Objectives 
1. Establishment and proliferation of axenic culture and to formulate culture 
condition for regeneration and multiplication from juvenile and mature 
explants. 
2. To select best suitable media for the direct and indirect organogenesis by 
manipulating the hormonal level. 
3. Standardization of technique for the in vitro rooting, hardening and 
acclimatization procedure for plants produced in culture. 
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REVIEW OF LITERATURE 
Historical background 
Plant tissue culture took birth over a century with the publication of the great 
German physiologist Gottlieb Haberlandt's paper on 6* of Feb, 1902 on cuhivation of 
isolated cells of Lamium purpureum and Eichornia cracipes (Haberlandt, 1902). He 
used a nutrient solution developed by Johann Knop in 1865 for hydroponic plant 
growth. Unfortunately none of the cells divided, but this did not deter others to 
perform experiments. MoUiard in 1921 demonstrated limited success with the 
cultivation of plant embryos and subsequently Kotte (1922), a student of Haberlandt 
in Germany and independently Robbins (1922) were successful to develiop the organ 
culture from excised plant root tips in vitro. However in 1934 the pioneering work of 
growing excised roots of tomato in vitro for periods of time without theoretical limits 
was demonstrated by White (1934). He used a medium containing inorganic salts, 
yeast extract and sucrose but later yeast extract was replaced by three vitamins such as 
pyridoxine, thiamine and nicotinic acid. In 1941 White and Braun found that cells 
isolated from tobacco infected with crown gall would display cell division and growth 
in culture without the addition of auxin. 
In 1934 Roger Gautheret grew callus from cambial tissue isolated from several 
woody plants including willow and sycamore (Gautheret, 1934). These were the first 
sustained dividing callus cultures but they could only grow for about six months on an 
agar based nutrient medium. The studies continued and in 1939, Gautheret, Nobecourt 
and White published independently studies on the successful cultivation for prolonged 
periods. Gautheret, (1939) published work on carrot. White (1939) on tobacco and 
Nobecourt (1939) on carrot. These were the first true plant tissue culture in the strict 
sense of prolonged culture of unorganized materials. All the three workers used 
meristematic cells to generate continuously growing culture. Phillip R, White and 
Roger J Gautheret can be credited with providing a significant impetus to the field of 
tissue culture with the publication of their authoritative hand books. 
In 1941 White and Brown found that cells isolated from tobacco infected with 
crown gall would display cell division and growth in culture without the addition of 
auxin. E Ball in 1946 developed the first shoot tip cultures and recovered plants from 
Nasturtium and Lupine (Ball, 1946). Innovative plant tissue culture technique 
progress rapidly during the 1930s with the discovery of Vitamin B5 and natural auxin 
necessary for the growth of isolated tissues. The first regulator to be discovered, the 
auxin (lAA) created great opportunity for the in vitro culture. Duhament (1939), 
reported to stimulate the growth of excised roots by lAA. After 1950 rapid 
advancement were made especially in the case of PGRs. The work of Miller and 
Skoog (1953) on bud formation from cultured pith of tobacco led to the discovery of 
Kinetin. In 1952, Steward initiated work on cultured carrot explants and used coconut 
milk as nutrient (Steward et al, 1958). 
Muir (1953) further isolated a nurse culture technique, an important technique 
of cloning through large number of single cells of higher plants developed by 
Bergman (1960). The discovery of kinetin prompted by Folke Skoog in collaboration 
with C Miller and demonstration of induction and regeneration of roots or shoots in 
tobacco callus (Skoog and Miller, 1957) paved the way for multiplication of plants by 
plant tissue cultures. Most significant breakthrough in the field of plant tissue culture 
is the development of universally used well known medium of Murashige and Skoog 
(Murashige and Skoog, 1962). Eventually Hilderbrandt and his colleagues 
successfully did single cell culture independently and in 1959, Steward (Steward et 
al, 1958) and Reinert (Reinert, 1969) reported the successful regeneration of somatic 
embryos form carrot cells. Finally it was Hildebrandt in 1965 who was able to 
demonstrate that whole plant could be derived from a single tobacco cell (Vasil and 
Hilderbrandt, 1965) thus totipotency was experimentally shown to exist in plant cells. 
Morel and Martin, 1952, for the first time recovered virus free dahlia plants. Morel, 
! 960 also realised the potential of this method for rapid propagation of virus free 
orchids, Cymbidium (Morel, 1960). Murashige of the University of California 
expanded his works and developed the concept of the development stages of 
micropropagation leading to plantlet establishment (Murashige, 1974). 
Gradually many things have changed since Murashige ( Murashige, 1974) 
proposed the 3 stage protocol namely establishment of aseptic cultures (initiation of 
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cultures), production of suitable propagules (multiplication), preparation of shoots 
for the growth in natural environment (rooting and transplantation to soil) lor tissue 
cultures of plants. Later Debergh and Maene (1981) proposed 5 critical stages for 
successful micropropagation. They introduced the stage 0 the preparative stage. 
Debergh and Raed (1991) described that each of the said stage have has its own 
specific suitability. 
Maheshwari and his co workers became actively involved in in vitro 
techniques and in 1964, achieved landmark raising haploids through anther culture of 
Datura innoxia (Guha and Maheshwari, 1964, 1986). Thorpe (1980) reported de rwvo 
organogenesis by interacting auxin and cytokinin in the medium from the explants 
such as cotyledons, hypocotyls callus (Thorpe 1980). 
And this superficial cell layers have been used in traditional morphogenetic 
studies as well as to produce de novo organ and plantlet in plant species (Murashige, 
1974). 
Tree tissue culture 
Hardwood trees were among the first plant culture /« v//ro (Gautheret,1940) 
but the first complete plant from tissue culture of free living angiosperm tree 
species is black cotton wood, Populus trichocarpal and Populus tremuloides 
(Wolter, 1968). The tree species are less responsive because of their inherent slow 
growing nature beside intractable regeneration potential on addition to save other 
factors naturally promoted less effort. But of late the accent has shifted to a good 
extent to regenerate hardwood tree which used to pose some insurmountable 
challenge conventional practices of propagation. Initially in vitro technology for 
hardwood were involved for ten production of callus and subsequent regeneration 
of plantlets but later organ culture are being used (Chelupa, 1987). Rapid progress 
has been made in developing in vitro methods for several trees (Thorpe et al, 1991). 
However success of in vitro regeneration of woody plants have been made 
through in various shrubs or tree like Acacia saticine (Jones et al, 1990), Acacia 
Sengeal (Badgi et al, 1993), A meamsii (Bech et al, 1998a), Pterocarpus marsupium 
(Anuradha and Pulliah, 1999, Chand and Singh 2004, Anis et al, 2005, Hussain et al, 
2008). Beside CN and nodal segment, shoot tip explants have been successfully 
used for in vitro regeneration of Pterocarpm santalinus (Lakshmiska et al,1993), 
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Cersis canadensis (Mackey et a/., 1995), Syzigium altemifolium (Khan et a\., 1997) 
and American beach plant (Benker at al, 1997), Phellodendron amarense (Azad et 
al, 2004). 
Clonal propagation of very few tree species belonging to the family Myrtaceae 
have been successful by tissue culture. Very few works have been reported in the tree 
species of family Myrtaceae. These are 5 cuminii (Ramashree et al, 2007, Jain and 
Babbar 2000, Rathore et al, 2004, Yadav et al, 1999, Roy et al, 1996), Sjambos 
(Litz et al, 1984), S amarangeme (Litz et al, 7984), S aromaticum (Mathew and 
Hariharan, 1990). 
The topic of hard wood tree tissue culture is so broad that it is impossible to 
generate a truly comprehensive review. As only few reports are available on 
micropropagation of Myrtaceous plants. So in a broad way a whole woody tree 
species have been taken for review purpose. 
The other plant that has been taken is a very important herbaceous medicinal 
plant belonging to family Ranuncuiaceae. The plant is Nigella sativa L. The reviews 
of literatures for both the plants have been given under the following heads. 
Plant growth regulator and explant type 
Plant growth Regulator (PGR) studies and plant tissue culture research are 
closely interrelated and mutually supportive. The manipulation of plant cell tissue 
and organ culture with important application in propagation and modification of 
plants is highly dependent on the use of an appropriate PGR regimes in tissue culture 
system and are useful as bioassay to define the growth regulating activity of many 
compounds (Mok et a/., 1982 ) 
The discovery of cytokinin and tissue culture media (Murashige and Skoog, 
1962) provides further impetus to meristem tip cultures technique and recently proved 
as a commercially viable technology for micropropagation of numerous crop plants 
(Debergh and Zimmerman, 1991). Tissue cukure technologies are being used with all 
types of plant including temperate, tropical fruit trees and ornamental plants. 
Auxins and cytokinins are the most widely used PGR in the plant tissue 
culture and usually used singly or in various combination. Of all the cytokinins BA 
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have been used most commonly for shoot induction. Benjamin et al, (1987) has 
observed that BA at higher concentration (l-5ppm) stimulate axillary meristem and 
shoot tip of y^/ropa e^//a<3to««a. Reduction in the number of regenerated shoots from 
axillary or apical meristem at a concentration higher than the optimal level was 
also reported for several medicinal and fruit yielding woody species, S alternifolium 
( Khan et al., 2000), Pterocarpus marsupium (Anis et al., 2005), S cuminii (Rathore et 
al, 2004), Melia azedarach L.( Hussain and Anis, 2004). BA was found to be a 
superior PGR for most of the plant species whether it is herbaceous as in Vigna 
mungo (Ignacimuthu S and Franklin J, 1999), Cucumis sativa (Zhang et al., 2007) or 
in woody species as in Psidium guajava (Rai et al., 2009), Crataeva adansonii 
(Sharma et al, 2002), 5 cuminii (Jain and Babbar, 2000). Similarly it has been 
observed that cytokinin is required in optimum quantity for shoot proliferation in 
many genotypes but inclusion of low concentration of auxin with cytokinin triggers 
the rate of shoot proliferation. The synergistic effect of BA along with auxin (NAA, 
lAA, and IBA) is quite known in plant tissue culture protocols. Maximum multiple 
shoots were obtained when BA is combined with NAA/IBA in Boerhaavia diffusa L. 
(Roy, 2008), Crataeva adansonii (Sharma et al., 2002), Syzigium francissi (Shatnawi 
et al., 2004), S cuminii L. (Jain and Babbar, 2000), Vitex negundo {Ahmad et al., 
2008), Nyctanthes arbour (Siddique et al., 2006), Schrophularia takesimensis 
(Sivanesan et al., 2008), Piper longum (Sarasan et al, 1993). 
The shoot multiplication rate gradually increases with the increase in number 
of subculture. The frequency of shoot development is reported to increase up to 
few subcultures beyond which gradual decrease have been observed in Picrorhiza 
karrao (Upadhyay et al, 1989), Psidium guajava (Rai et al, 2009), Phellodendron 
amurense ( Azad et al, 2004). 
The choice of tissue depends upon the uhimate goal of the project. Any piece 
of the plant tissue like shoot apices, hypocotyls, epicotyls, cotyledons, mature or 
immature embryo, cotyledons, CN, leaf and stem segments could be taken as a source 
of explant for shoot induction. Either plant grown under controlled condition or 
grown outside could be taken for the establishment of culture. There is much greater 
chance of infection when the explants are taken from mature tissue or outside than 
those isolated from aseptic condition (Gautheret, 1959, Purohit & Kukda, 1994, 
Quraishi & Mishra 1999, Agrawal et al, 2002, Kumar et al, 2005). 
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Yadav & Singh (1991) reported to have obtained multiple shoots from nodal 
and shoot tip segments of 10-15 day old seedlings of S cuminii on modified MS 
medium supplemented with suitable concentration of BA singly or in combination 
with auxin. 
Micropropagation of S cuminii has also been reported by Roy et al, (1996) 
using MS medium supplemented with KN. An efficient protocol for in vitro 
propagation of Schrophularia takesimensis was given by Sivanesan et al, (2008) 
where MS medium fortified with BA and lAA proved best for multiple shoots. The 
plantlet growth was slow and leaf showed chlorosis. This problem was overcome by 
transferring micro shoots to MS medium modified with FeS04 and Na2 EDTA salt 
concentration. Ajithkumar & Seeni (2002) reported rapid clonal multiplication of 
Aegle marmelos (L.), a medicinal tree by enhanced axillary bud proliferation in young 
single nodal segments of a 25 year old tree cultured in MS nutrient medium. Bud 
break was dependent on cytokinin supply, but the synergistic combination of BA and 
lAA induced maximum shoots. 
Islam et al., (1996) reported high frequency adventitious plant regeneration 
from radical explants of Aegle marmelos. Arum.ugam and Rao (1996) had 
experimented on in vitro production of plantlet from cotyledonary node culture 
using MS medium supplemented with BA and auxin. The promotory effect of BA 
has been reported in Pterocarpus marsupium (Husain et al, 2008), Fragaria 
xananassa (Kang et al, 1994), Eucalyptus impensa (Bunn, 2005). 
Similarly, Ning et al, (2007) also reported direct shoot regeneration from 
cotyledons and immature embryos of Prunus mume by the augmentation of MS half 
with BA and NAA together. Singh and Chand et al, 2002 reported adventitious shoot 
organogenesis from semi mature as well as cotyledon lacking embryonic axis of 
Dalbergia sissoo Roxb. on MS with BA and NAA in combination. However semi 
mature explants and mature cotyledons exhibited shoot bud differentiation on MS 
with high concentration of BA without NAA. High frequency of regenerated plants 
directly from cotyledon and hypocotyls explants on MS with BA and auxin have been 
reported in Peroll frutescens (Zhang et al, 2005), watermelon (Chaturvedi et al, 
2000), Cajanus cajan (Chandra et al, 2000). 
Zhang et al, (2005) regenerated plants directly from cotyledon and hypocotyls 
explants of Peroll frutescens on MS with BA for cotyledon and MS +BA+IAA for 
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hypocotyls explants. Kumar et al, (2005) reported clonal propagation oiHollarhena 
antidysentrica L. through nodal explants from mature trees on Ms with cytokinin 
only (BA and 2ip). 
Kumar et al., (2005) reported clonal propagation of Hollarhena 
antidysentrica L. through nodal explants from mature trees on MS with cytokinin 
only (BA and 2ip). 
Ahmad et al., (2008) reported high frequency of plant regeneration from nodal 
explants of Vitex negundo on MS augmented with BA and IBA. Chandra & Rai 
(1986) succeeded in regenerating plantlets from seedlings explants viz hypocotyls and 
stem segment of Vigna mungo. 
Selvakumar et al, (2001) reported the morphogenic responses of the nodal 
explants to various concentrations of AdS and a fixed concentration of IBA in 
Plumbago zeylanica. Each nodal segment implanted differentiated into a single shoot 
and all the nodal explants responded with bud breaks within a period of 1 wk. For the 
initiation of shooting, AdS along with IBA was found to be the most appropriate 
cocktail, wherein shoots appeared within 12-15 day of inoculation. 
Bame and Mehta (1993) achieved plantlets from stem explants of 
Commophora wightii grown on MS medium fortified with BA 17.8 nM, KN 18.6 
|iM, Glutamin lOOmg/1, Thiamine, lOmg/1 and activated charcoal 0.3 %. Shoot 
obtained elongated on medium containing lower concentration of BA (1.8nM) and 
KN(1.9nM). 
All parts of plants have been used as explants source for plants regeneration. 
Nodal segments of mature plants have been however used in most of the cases as in 
Holestemma annulae (Sudha et al., 1998), Murraya koenigii (Rajendra and D Souza, 
1995), Plumbago rosea (Harikrishnan and Hariharan, 1996). Actively growing 
orthotropic shoot segments of elite nutmeg tree, cultured on various media containing 
mixture of different cytokinin and auxin simultaneously produce single shoot 
proliferation (Mariskae/a/., 1989, Rao era/., 1997). 
Mascarenhas et al., (1981, 1987), Jaiwal and Gulati (1991) reported high 
frequency regeneration from cotyledon explants of Tylophora indica on MS fortified 
with KN and BAP singly. Omura et al, (1987) reported the adventitious shoots and 
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plantlets formation from pomegranate leaf explants. He also obtained plantlet through 
adventitious buds from stem, carpel and root in dwan" pomegranate. Direct 
regeneration of plants was observed on MS medium containing NAA and BAP. 
Giberellin is a naturally occurring plant hormone that affects cell enlargement 
and division which leads to intemode elongation in stems. They have dwarf reversing 
response. It also effect many developmental processes, particularly those controlled 
by temperature and light such as seed and plant dormancy, germination, seed stalk 
and fruit development are controlled by GA3 (Janick, 1979). GA3 enhanced the shoot 
elongation by stem intemode extension (Dielien et al, 2001). GA3 has been used for 
elongation of stunted shoots in many tree or herbaceous sps. It also increase rate of 
shoot proliferation. The rate of growth of Xanthium plants treated with GA3 was at 
least twice when compared with control one as stated by (Maksymowych et al., 
1984). The regenerated dwarf shoots were fiirther elongated on MS medium 
supplemented with Gibberellic acid in Mentha piperata (Ghanti et al, 2003), 
Capsicum annum (Chen Qin et al., 2005), Murraya koengii (Nirmal Babu et al., 
2000), Acacia sinuate (Vengadesan et al., 2000). High frequency of plant 
regeneration from cotyledon explant MS augmented with KN was reported in 
Cajanus cajan (Geetha et al., \996), Nigella sativa (Roy et al., 1986), Aloe vera (Roy 
and Aparajita, 2003). However elongation and enhancement in shoot number was 
obtained on MS augmented in combination with NAA and GA3 in Cajanus cajan. 
EFFECT OF TDZ 
TDZ is phenyl urea derivatives primarily used as cotton defoliant (Arundhuti 
et al., 1976) and exhibit strong cytokinin like activity (Mok et al., 1982). The 
morphogenetic response of TDZ has been found to mimic cytokinin like activity and 
is 20 times more effective in dormancy breaking (Wang et al., 1986) and used 
successfully in plant regeneration system of many plant species (Ahmad et al, 
2006), Huetman and Preece (1993), Khurana et al., (2005), Husain et al., (2007). 
TDZ has shown positive response in combination with NAA in Prunus mume 
(Ning et al., 2007). TDZ has been effective in low concentration to stimulate shoot 
formation (Sankha et al, 1996, 1996, Murthy et al, 1998). The explants that are 
continuously kept in medium augmented with TDZ resulted in the formation of 
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fasciated or distorted shoots as in Rhododendron (Preece and Imel, 1991), Dalbergia 
sissoo (Pradhan et al., 1998a). While in Pterocarpus marsupium (Husain ct ai., 2007) 
higher concentration of TDZ exhibited maximum number of shoot regeneration from 
nodal explant. 
The beneficial effect of TDZ to stimulate shoot proliferation in several woody 
species has been excellently reviewed by Huetman and Preece (1993). This potent 
cytokinin has been used for most of the plant species. 
laorganic Salt and Other Adjuvants 
Numerous additional compounds such as PVP, coconut water (CW), casein 
hydrolysate (CH), glycine, AdS etc are used time to time for shoot organogenesis in 
various tree species. Addition of organic supplement is a common phenomenon in 
tissue culture literatures. Adenine in the form of adenine sulphate can stimulate cell 
growth and greatly enhanced shoot formation (Murashige, 1974). AdS reported to 
exhibit synergistic effect with other cytokinins and the strategy of using AdS as an 
adjuvant has been adopted effectively for many woody plant species including 
Tectona grandis (Devi et al, 1994), Pteroarpus marsupium ( Hussain et al, 2006 ) , 
Jatropha aureus (Rajore and Batra, 2005). The occurrence of STN has been reported 
time to time by many workers in many crops as well as tree species and the 
phenomena was explained in different ways in Pterocarpus marsupium (Husain et al, 
2007), Pistacia vera (Abouslalim and Mantel, 1994), Tectona grandis (Devi et 
al.,1994), Dalbergia latifolia (Lakshmisita et al, 1993). 
The effect of CH on adventitious regeneration from adult explants varies from 
inhibitory on apple and cherry root stocks (James et al, 1984), to beneficial on apple 
scions (Hammerschlag et al, 1997) and blueberry (Cao et al, 1998). The addition of 
CH in the basal medium along with cytokinin enhanced regeneration frequencies in 
Prunus dulcis (Ainsley et al, 2000). Adding extra reduced nitrogen to the culture 
medium in the form of CH, amino acids, etc was beneficial for shoot development in 
Abies nordmaniana (Norgaard and Krogstrup, 1991), and Lupinus sp. (Nodolska-
Orezyk, 1992), S cum/na,(Jain and Babbar, 2000). 
Roy et al, (1996) reported addition of CH and coconut milk in the MS basal 
medium for clonal propagation of S cuminii along with KN. This enhanced the shoot 
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induction rate greatly. Banerjee et ah (2006) reported embryogenesis in Nigella sativa 
through leaf callus tissue when coconut milk was replaced from the Murashige and 
Skoog's (MS) medium by casein hydrolysate. 
Callus induction and plant regeneration 
Undifferentiated mass of profusely dividing cell popularly known as callus is 
the initial stage of indirect plant development In vitro callus can be induced from 
various parts of plant like hypocotyls, cotyledon, root, intemodes, leaf etc and has 
multiple uses (Khurana et al., 2005). Callus induction and subsequent differentiation 
and organogenesis accomplished by the action of different growth hormone in 
cultured callus can be maintained more or less indefinitely, provide the callus is sub 
cultured on the fresh medium (Tripathi and Tripathi 2005). 
Callus culture is extremely important in Plant Biotechnology and there are 
several reports on the regeneration of various medicinal plants via callus culture 
Auxin generally stimulates callus formation in most of the plant species as in 
Lathyrus sativa (Sinha et al., 1982), Solarium nigrum (Shahzad et al, 1999), Nigella 
sativa (Nabeel et al., 2008). But in some phenyl urea derivatives, TDZ was also found 
to initiate callus induction properties. Faisal and Anis (2003) reported callus 
formation in leaf explants of Tylophora indica with the application of 2,4-D or 2,4,5-
T in which 100% cultures showed callus induction on ms supplemented with 2,4,5-T 
at high level of lO.OOnM. Shahzad et al., 2006 reported induction of callus in Acacia 
sinuata on MS fortified with TDZ singly at concentration higher than 0.4nM. 
Mathew and Hariharan (1987) reported callus formation from axillary buds without 
any differentiation in Syzigium aromaticum. 
Banerjee et al, (2006) reported embryogenesis in Nigella saliva L. (Fam. 
Ranunculaceae) through leaf callus tissue when coconut milk was replaced from the 
Murashige and Skoog's (MS) medium by casein hydrolysate. On MS + lAA (0.5 
mg/1) + casein hydrolysate (100 and 500 mg/1) medium, tissue gained a capacitj' of 
growing embryoids for a pro-longed culture period. At a concentration of 1000 mg/1 
casein hydrolysate suppressed the differentiating capacit>'. 
The characteristics of callus are greatly influenced by the concentration of 
auxins and cytokinin. In general maximum callus induction frequency was observed 
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on a high level of auxins with low cytokinin level. The maximum callus induction 
frequency from stem callus of Ruta graveolense was observed in 2, 4-D and BA 
(Faisal et al, 2006). However considerable amount of callus was produced on the 
medium containing a combination of NAA and BA in Leucena leucocephalo (Maity 
et ah, 2005). 
Chand and Roy (1980) examines the role of auxins and kinetin in inducing 
organogenesis in callus cultures of Nigella sativa L. Differentiation of roots and 
shoots occurred after removing auxin and kinetin from the medium. But the presence 
of auxin for a certain period is essential before putting the callus into auxin-free 
medium. Reversal of callus to roots and of roots to callus was repeated several times 
by transferring the inoculum from hormone -rich medium to hormone free medium 
and vice versa. 
Roy and Sarkar (2003) reported rapid callus mediated shoot formation from 
the stem segments of Aloevera. Murashige and Skoog's basal medium containing 1 
mg r ' 2, 4-dichlorophenoxyacetic acid and 0.2 mg P' kinetin gave the best callus 
induction. Shoots were initiated from the calli with reduced 2, 4-D and increased 
kinetin concentration. 
Callus formation was not observed on PGR free MS medium, explants on 
control medium became necrotic and showed non sign of callus formation. Gao and 
Bjork reported callus induction and plant regeneration in shoot tip explants of 
Valeneriana officinalis with the manipulation of various combination and 
concentration of auxins(lAA, IBA, NAA) and cytokinins (BA and KN). Whereas the 
successful callus induction and plant regeneration was reported in Cymbidium 
emifolium by Chang and Chang (1993), Asparagus cooper (Ghosh and Sen 1989). 
Aloevera L. (Roy and Sarkar 2003), Zingiber officinalis (Rout and Das 1997). Plant 
regeneration through leaf callus has been achieved in Cephaelis ipecacuanha on MS 
medium with the combination of KN and NAA (Rout et al, 1992). 
High rate of shoot differentiation from CN derived callus has been reported in 
Cicer arietinum (Huda et al., 2003), Acacia sinuate (Vengadesan et al., 2003). 
Rooting 
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Success of in vitro regeneration relies on efficient rooting in regenerated shoot 
and their subsequent acclimatization. The in vitro regenerated roots should be 
strong and healthy natural environment more efficiently. Considerable work has been 
done to achieve the rooting in different woody tree species. Rooting could be induced 
by using two approaches depending upon the responsiveness of the regenerants. 
Although in vitro rooting is quite common but there is an increasing interest 
especially in commercially operation for ex vitro rooting and in those plant species 
which are difficult to root. 
The regenerated micro shoots are either transferred in liquid medium or agar 
medium. Rooting greatly depends upon strength of MS medium with or without 
growth regulator. Half strength MS medium in the absence of plant growth 
regulator was found be more effective for rooting when compared to full strength 
in Potentialla potaninii (He et at., 2006), Dalberia sisso (Pradhan et al, 1998), 
Acacia sp (Kaur and Kant, 1998), Albizzia sp (Sinha and Sinha 2000), Tectona 
grandis (Tiwari et al., 2002), Azadiracta indica (Sharma et al., 2002), Malia 
azadiracht (Shahzad and Husain 2001, Husain and Anis, 2004) and Pterocarpus 
marsupium (Anis et al, 2005). 
Root formation was induced on media that contained 0.3'-lnM of 2, 4-D in 
Syzigium samarangense (Litz et al., 1984). Sirkar (1986) also stated that S cuminii is a 
difficult to root species and neither forced cutting nor normal cuttings had produced 
adventitious roots. Rathore et al, (2004) reported in vitro rooting of S cuminii on half 
strength MS +0.1% activated charcoal augmented with and IB A and NAA. The 
shoots rooted (95%) in lO.OjiM of IBA. Ex vitro rooted plantlet gets acclimatised and 
hardened more easily than in vitro rooted plantlets. 
In many plant sp. strength of MS medium did not affect the rooting frequency 
(Anis and Faisal, 2005, Pandey et al, 2006, Rajeshwari and Paliwal, 2006). 
Vengadesan et al, (2005) reported prominent roots when transferred to half MS 
medium augmented with IBA that are later successfully acclimatized with 45% of 
survival rate. Successful rooting had been obtained in regenerated plantlets in Prunus 
munie (Ning et al, 2007), Dalbergia sissoo (Singh et al., 2002), Perilla fritescens 
(Zhang et al, 2005), Myrtle (Conhota et al, 1999). 
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Zhang et at., 2005 reported successful rooting in Isatis indigotica on half MS 
supplemented with NAA. Ramashree et al, 2007 reported successful rooting in WPM 
supplemented with IBA. Ex vitro rooting was also successful in S cuminii. 
Incorporation of NAA in half MS induced root formation in S aromaticum 
(Superman and Blake, 1990), Myristica fragram (Yapabandra et al., 1981, 
Mascarahans et al, (1981, 1987) successfully achieved better rooting on MS with 
higher concentration of lAA or IBA (2 and 5mg/l) First treatment with higher auxin 
concentration for 72 hr followed by transfer to an auxin free medium and then to half 
MS strength medium with charcoal for root elongation. 
Rai (1990) reported root initiation in MS with NAA (lmg/1) and lAA (5mg/l 
in Syzigium aromaticum. However Mathew and Hariharan (1990) documented that in 
S aromaticum root induction could not take place on MS half supplemented with BAP 
and NAA. Murashige reported that low salt cone, in the medium enhanced the rooting 
of micro shoots. 
Acclimatization 
The rooted micro shoots although appears green when taken out for 
transplantation, but actually they are photosynthetically inefficient. These propagules 
need to be prepared for their successful establishment of plant in soil. 
The rooted micro shoots although appears green when taken out for 
transplantation, but actually they are photosynthetically inefficient. These propagules 
need to be prepared for their successful establishment to the external environment. 
This hardening and re-establishment stage involves the shift from a 
heterotrophic to an autotrophic condition and the acclimatization of the micro plant to 
the outdoor environment (Preece and Sutter, 1991). Rooted micro shoots should be 
kept in very high humidity immediately upon transplanting and should be gradually 
exposed to outdoor condition to prevent dehydration (Driver and Suttee 1987). 
It is well documented in literatures that in vitro raised plantlets has divergent 
leaf anatomy (Brainerd et al., 1981) from the normally grown plants. Preece and 
Sutter (1991) suggested that because of the high humidity in vitro, leaves do not 
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develop epicuticular waxes on the leaf surface in normal amounts or with the same 
chemical properties. 
The acclimatization period during transition from culture to green house may 
vary from 15 days to a month depending on the nature and hardness of plant species. 
This phenomenon of tissue culture has been elaborated and discussed at length by 
several workers ( Pierik 1999, Preece and Sutter 1991) 
Plantlets grown on agar are carefully washed to remove agar from roots and 
transferred into a sterile pot mixture. Initially, these plantlets are kept under high 
humidity and reduced light intensity and gradually move to low humidity and 
comparatively high light intensity. Hardening varies from species to species but in 
most of the species it takes nearly two to three weeks. 
Introduction of an in vitro hardening step (3-7) days prior to transfer to 
polythene bags enhanced the survival rate in many woody species. There are several 
reports regarding soil-rite and MS inorganic salt solution (1/2 and V* strength) as the 
best substrate and irrigation medium respectively for in vitro hardening (Purohit et ai, 
1998, Shikhawat et al, 1998, Chaturvedi and Mitra (1974) reported high 
transplantation success of citrus plantlets by acclimatization in liquid culture 
containing inorganic salts by MS basal medium followed by transplantation to (3:1 
w/w) soil: compost. 
This hardening and re establishment stage involves the shift from a 
heterotrophic to an autotrophic condition and the acclimatization of the micro plant to 
the outdoor environment (Preece and Sutter, 1991) 
Considerable progress has been made during the last couple of decades in 
the in vitro propagation of tree sp. but reliable tissue culture technology is not yet 
available from the commercial production of tree species. Common problems 
encountered in the culture of tree species are explants blackening and media 
contamination, unresponsive morphogenetic behaviour of the mature explants, low 
rate of shoot multiplication, difficulty in vitro rooting and subsequent establishment 
of rooted plantlets in the field condition so several refinement in the technique 
may be necessary before scaling up the process. 
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MATERIALS AND METHODS 
Plant material and explants source 
The nodal explants (Piate-ld) with axillary shoot buds, small immature leaves, 
shoot tips from 10-12 yr old mature tree of Syzigium cumini L were collected from 
superior, elite mature and adult genotypes maintained at the University campus. 
Seeds ofNigella sativa L. (Fig-1 la) were purchased from local seed stores. 
Culture medium 
Growth and morphogenesis of plant tissue in vitro are largely governed by the 
composition of culture media. A number of media have been devised for specific 
tissues and organs. The well known formulation of Murashige and Skoog (1962) was 
used in the present study as the primary basal medium. This medium is composed of 
three components. 
1. essential elements (supplied as a complex mixture of salts) 
2. an organic supplement (vitamins and/or amino acids) and 
3. a fixed carbon source (generally supplied as sugar, sucrose) 
Preparation of culture medium 
Basal Media Composition 
The different constituents of Murashige and Skoog (MS 1962) medium with 
their concentration used are given in Table- 1. 
Preparation of stock solution 
'Analar' quality chemicals of high purity and standard makes were used. The 
constituent of MS basal medium depicted in table-2 was divided into four groups, 
consisting of MS I (20X), MS II (200X), and MS III (lOOX) and MS IV (lOOX) 
except sucrose prepared by dissolving the required amount in measured volume of 
double distilled water. To prepare one liter of medium, 50 ml of stock solution I, 5 ml 
of stock solution II and 10 ml each of stock solution III and IV were taken. The stock 
solution should be used within specific period from date of preparation as might lead 
to cont amination of the stock solution. 
For each plant growth regulators (PGRs), separate stock solution was prepared 
by dissolving it in a small quantity of appropriate solvent IN NaOH or absolute 
alcohol) and then adjusted with double distilled water(DDW) to the desired volume to 
make an overall concentration of 1 mM. The stock solutions were stored in 
refrigerator at 4*^ 0 and regularly checked for visible contamination. The different 
concentration of growth regulators used in the present study was prepared from stock 
solution by using following formula. 
S,V,= S2V2 
Where, 
s, 
V, 
S2 
V2 = 
Strength of stock solution 
Volume of stock solution 
Strength of desired solution 
Volume of desired solution 
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Table!: Nutritional composition of MS (1962) basal medium 
Constituents 
Macronutrients 
MgS04.7H20 
KH2PO4 
KNO3 
NH4NO3 
CaCh.2H20 
Micronutrients 
H3BO3 
MnS04.4H20 
ZnS04.7H20 
Na2Mo04.2H20 
CUSO4.5H2O 
C0CI2.6H2O 
KI 
FeS04.7H20 
Na2EDTA.2H20 
Organic supplements 
Vitamins 
Thiamine HCl 
Pyridoxine HCl 
Nicotinic acid 
Myo-inositol 
Others 
Glycine 
Sucrose (g) 
Amount (mgA) 
370 
170 
1900 
1650 
440 
6.2 
22.3 
8.6 
0.25 
0.025 
0.025 
0.83 
27.8 
37.3 
0.5 
0.5 
0.5 
100 
2.0 
30 
29 
Table 2: Stock solution for MS medium 
Constituents 
Stock Solution I 
Macronutrients (20X) 
MgS04.7H20 
KH2PO4 
KNO3 
NH4NO3 
CaCl2.2H20 
Stock Solution II 
Micronutrients (200X) 
H3BO3 
MnS04.4H20 
ZnS04.7H20 
Na2Mo04.2H20 
CUSO4.5H2O 
C0CI2.6H2O 
KI 
Stock Solution III 
Iron Salt (lOOX) 
FeS04.7H20 
Na2EDTA.2H20 
Stock Solution IV 
Vitamins (lOOX) 
Myo- inositol 
Glycine 
Thiamine HCl 
Pyridoxine HCl 
Nicotinic acid 
Amount (mg/1) 
7400 
3400 
38000 
33000 
8800 
1240 
4460 
1720 
50 
5 
5 
166 
2780 
3730 
10000 
200 
50 
50 
50 
30 
PlaDt Growth Regulators and carbon source 
According to the experiments, MS medium was variously amended with plant 
growth regulators such as 6-benzyladenine (BA), 6-furfurylaminopurine (Kn), 
thidiazuron (TDZ), Adenine sulphate (AdS), indole-3-acetic acid (lAA), indole-3-
butyric acid (IBA) and a- naphthalene acetic acid (NAA) ,Casien Hydrolysate(CH) at 
different concentration either singly or in various combination as specified in the 
results. The standard carbon source, 3% (w/v) sucrose was used in all the 
experiments. 
Adjustment of pH and gelling agent 
The pH of the medium was adjusted to 5.8 using IN NaOH or HCl on a 
pH meter (L613, Elico Pvt., India), before adding the solidifying agents which 
provide a support to tissues growing in static conditions. The medium was solidified 
with 0.8% (w/v) agar by heating it in a microwave oven until a clear solution is 
formed. 20 ml nutrient media was then dispensed in 25x125 mm capacity of culture 
tubes (Borosil, India). The culture vessels containing the medium were plugged with 
nonabsorbent cotton wrapped in single layer muslin cloth (cotton plugs). 
Sterilization of Instruments and Glasswares 
All the glass wares, instruments (wTapped in aluminium foil) and distilled 
water tightly covered with aluminium foil from top were sterilized by autoclaving at 
1.06 kg cm'^ for 20 min while the culture tubes and flasks containing media were 
autoclaved at the same pressure for 15 min. 
Sterilization of laminar airflow cabinet 
Laminar air flow hood (NSW, New Delhi) was sterilized by switching 
on ultraviolet (UV) light for 20 min, followed by wiping the working surface 
area with 70% (v/v) alcohol before starting any operation inside the cabinet. 
Surface sterilization of the explants 
Nodal segments 
The healthy, shoot apices, nodal stem segments with one or two nodes and 
new green juvenile leaves of Syzigium cumini L (skeels). were isolated manually with 
sharp scissors or blade from new flush of mature tree (10-12 yr old) and washed 
thoroughly under running tap water for 30 min, treated with 5% (vA) savlon ( a 
liquid disinfectant) for 3 min, then immersed in 5% (v/v) Teepol (Qualigens, India) a 
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neutral liquid detergent solution for 15 min, followed by thorough washing under tap 
water and kept in 1% (w/v) Bavistin (Carbandazin powder,BASF-Ind) a broad 
spectrum fungicide for 15 min and then washed with autoclaved single distil water. 
After washing under tap water and single distil water the explants were taken under 
aseptic laminar air flow hood (that was already sterilized by switching on UV rays 20 
min before hand). The nodal segments shoot tip, and leaves were surface sterilized 
with freshly prepared 0.1% (w/v) mercuric chloride (HgCb) for 3 min and finally 
rinsed 5-6 times with sterile single distilled water. Now the explants are ready to be 
inoculated. 
Seeds 
The healthy seeds of Nigella sativa were washed thoroughly under ruiming tap 
water for 30 min, treated with 5% (v/v) savlon (a liquid disinfectant) for 3 min, then 
immersed in 5% (v/v) savlon (a liquid disinfectant) for 3 min, then immersed in 
5%(v/v) Teepol (qualigens,India) a neutral liquid detergent solution for 15 min, 
followed by thorough washing under tap water. After washing under tap water and 
single distil water the explants were taken under aseptic laminar air flow hood (that 
was already sterilized by switching on UV rays 20 min before hand). The seeds were 
were surface sterilized with freshly prepared 0.1% (w/v) mercuric chloride (HgClj) 
for 4 min and finally rinsed 5-6 times with sterile single distilled water. Now the 
explants are ready to be inoculated. 
Explants 
Nodal segments shoot apices and soft green new leaves were also collected 
from fresh shoots sprouts of mature trees (Plate-1 a b) and used as explant source for 
establishing aseptic cultures. After surface sterilization, the damaged intermodal 
portions were trimmed off using sterilized forceps and blade, followed by their 
inoculation in nutrient agar for establishing aseptic culture. 
The surface sterilsed seeds were germinated (Fig- 1 lb) on different strength (full and 
half) of Murashige and Skoog(MS 1962) basal medium to raise aseptic seedlings. 10 
and 12 days old cotyledonary nodes were used as explants for establishing aseptic 
cultures in Nigella sativa. 
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Inoculation 
Inoculations were performed under aseptic conditions of laminar airflow hood. 
Before starting the inoculation process, the hands were washed with 70 % (v/v) ethyl 
alcohol. The instruments were re-sterilized time to time during inoculation by dipping 
them in rectified spirit followed by flaming and cooling. Explants were transferred to 
petridishes and inoculated using sterilized forceps in culture vials followed by 
plugging with cotton plugs in quick succession. Data of percentage response and 
mean number of shoots per explant and shoot length in cm were recorded 4 
weeks after inoculation. 
Incubation 
All the cultures were maintained at 24 ± 2 C in a culture room under a 16-h 
photoperiod with a photosynthetic photon flux density (PPFD) of 50 ^mol m'^ s"' 
provided by cool white fluorescent lamps (40W, Philips, India). 
Subculturing 
The nutrient medium starts getting depleted after certain time period and so 
there is need of transferring the cultured material onto a fresh medium .For further 
proliferation, induced multiple shoots were subcultured onto the same fresh medium 
after every two weeks . 
Rooting 
The in vitro root induction was performed by transferring the individual micro 
shoots on MS and V2 MS medium supplemented with root inducing hormones namely 
lAA, IBA and NAA in different concentration. Data of percentage of rooting 
response and mean number of roots per shoots were recorded 4 weeks after 
transplantation. 
Hardening and acclimatization 
Plantlets with well developed shoots and roots were removed from 
culture medium, washed gently under rurming tap water to remove the remnants 
of medium and transferred to plastic pots containing autoclaved soilrite (Keltech 
Energies Ltd., Bangalore ) under diffuse light (16/8 h photoperiod) conditions. 
Potted plantlets were covered with polythene bags to ensure high humidity and 
watered every 2 days . The bags were opened gradually after 2 in order to 
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acclimatize plants and after 6 weeks, the plants were transferred to pots containing 
normal garden soil and maintained in green house. 
Chemical and glassware 
Plant growth regulators like BA, KN, Adso4, TDZ, lAA, IBA, NAA and 
gelrite were obtained from Sigma-Aldrich (St. Louis, USA). Macro, micro salts, agar, 
sucrose and mercuric chloride (HgCb) were purchased from Qualigens, Merck; India. 
Glasswares, such as test tubes (25x150 mm), petridishes (17x100 mm), and 
wide mouth Erlenmeyer flasks (100 ml and 250 ml). Beakers (250 and 500 ml) were 
purchased from Borosil, India. 
Statistical analysis 
In all the experiments five replicates were taken per treatment and each 
experiments was repeated thrice. The effect of different treatments was quantified and 
data was analysed statistically using SPSS Ver-10 (SPSS Inc, Chicago, USA). The 
significance of differences among means were carried out using Duncan's Multiple 
range test at P =^  0.05. The results are expressed as the means ± SE. 
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Chapter- 4 
RESULTS 
Plant: Syzigium cuminii L. 
The present investigation was carried out to explore the morphogenic potential 
of nodal explants obtained from mature old trees (10-15 yrs) on different growth 
hormones of Syzigium cuminii L. a highly multipurpose tree species. The basal 
medium used was MS (Murashige and Skoog, 1962) supplemented with different 
growth hormones such as, BA, KN, AdS, TDZ, GA3, CH, IBA and NAA. The growth 
parameters were recorded at an interval of two weeks from the date of inoculation. 
Establishment of culture 
The surface sterilized mature explants viz nodal segments, shoot tip and leaves 
were inoculated on MS basal medium (control) did not exhibit any morphogenic 
response. To study the morphogenesis through various explants the MS basal medium 
was amended with different cytokinins singly or in combination with auxins. 
Direct shoot regeneration 
Effect of season 
Seasonal fluctuation significantly affected the proliferation potential of the 
explants. Contamination and blackening of the explants was the major obstacle in the 
establishment of cultures. Though little phenolic exudation was also there but it 
appears only in older explants and not in fresh sprouts. Explants collected during the 
growing season (March to June) exhibited the best response (80%) not only in terms 
of the frequency of bud break but also in shoot vigor. The percentage establishment of 
cultures declined gradually during the subsequent months and found to be seriously 
contaminated. The contamination was fbngal in nature. Serious contamination was 
observed during the month of Jul-Sep. 
Effect of cytokinins 
Bud regeneration potential of mature nodal segments, shoot tips, and leaves 
from mature tree of more than lOyrs old, (Fig-la) were explored on MS medium 
supplemented with different concentrations of cytokinin BA, KN, TDZ and AdS (0.5, 
10.0, 15.0, 20.0 and 25.0|iM). The nodal explants showed positive response giving 
rise to nearly 95% shoot regeneration although the growth was initially very slow. 
The shoot tip and leaf explants did not respond well. Leaf and shoot tip explants 
cultured onto MS medium supplemented with different PGR failed to induce shoots or 
shoot buds even after 10 weeks. The leaves showed enlargement in size and curling 
up. Gradually became yellow and died. Similarly the shoot tip explants also failed to 
induce any response. Either they showed necrosis or gradual drying up of the explants 
except in TDZ where bud break (35%) and multiple shoot induction was observed 
(Table not shown). Because of poor response of leaf and shoot tip explants only nodal 
explants were used for further experimentation to achieve enhanced multiplication. 
The nodal explants responded with a maximum of 95% bud break within three 
weeks on MS medium augmented with various concentrations of different cytokinins. 
Among the various concentrations of BA (5.0, 10.0, 15.0, 20.0, 25.0nM) tested, the 
highest shoot regeneration frequency (93.33±0.88%) was observed on MS medium 
supplemented with BA (lOfiM), which also induced the highest number of (6.89± 
0.39cm) shoots ( Fig-2a,b & Table-3) with average shoot length of (2.43 ±0.14cm). 
Data were collected after 12 weeks of inoculation. The shoots exhibited inhibited 
growth with small leaves and rosette appearance. Growth rate of the shoots after bud 
break was very slow. The cultures required repeated transfer after 3 weeks on fresh 
medium of same composition. 
KN and AdS (0.5 - 25.0nM) were also tested and it was observed that they were 
less effective in comparison to BA, as they induced (4.06 ± 1.15) and (0.96 ± 0.03) 
shoots per explants respectively after 12 weeks of culture (Fig-3b Table-1). Therefore, 
it could be concluded that BA was found to be more efficient than KN and AdS with 
respect to the initiation and subsequent proliferation of shoots at the same 
concentration levels. While AdS proved to be the weakest of all. The relative 
effectiveness of different cytokinins for multiple shoot formation revealed the order of 
effectiveness as BA > KN > AdS. 
The shoot growth and number of multiple shoots were very poor in all the 
cytokinins initially but subsequent transferring of the cultures onto the fresh medium 
of same concentration enhanced the multiple shoot induction in BA and KN 
considerably. Though numbers of shoots were quite sufficient but their elongation and 
growth was not evident even after 12 weeks of culture in any of the cytokinins tried 
(Table-3). Further increase or decrease in concentration reduced the mean shoot 
regeneration frequency and percent regeneration and shoot length as well. 
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Effect of auxins and cytokinins combination 
The combined effect of different concentrations of BA and KN with different 
auxins (lAA and NAA) at 1 .OnM concentrations was evaluated and the morphogenic 
response is summarized in (Table-4). BA along with NAA was found to be the most 
effective combination for multiple shoot regeneration. The maximum percent 
regeneration of 89.33±1.45 and maximum mean number of shoots were 4.1 ± 0.15 
shoots per explants and mean shoot length of 2.15 ± 0.15 cm was obtained on MS+ 
BA 10|iM + 1.00^ M NAA after 8 weeks of incubation. Among the various 
concentrations of BA with IjiM lAA, a maximum of 79.33 ± 1.01% shoot 
regeneration frequency was recorded on MS medium containing BA (15.0nM) and 
lAA (l.OfjM) (Table-4). Maximum shoot number was 3.90 =fc 0.21 with shoot length 
of (1.90 ± 0.15). Between the two auxins tested, NAA was found to be most effective. 
Further increase or decrease in concentrations of BA reduced the mean shoot 
regeneration frequency and percent regeneration and shoot length as well. The result 
showed that the shoot exhibited rosette appearance, leaf chlorosis and abscission 
along with shoot tip necrosis (Fig-5b&c). 
However the time duration for bud break and shoot induction for single 
cytokinin (BA) was found to be quite long. The bud break could be observed after 10 
days and multiple shoot induction occurred after 3 weeks of inoculation, where as in 
combination medium the bud break occurred within a week and shoot induction was 
observed after 2 weeks of inoculation. 
Effect of Thidiazuron (TDZ) 
The effect of thidiazuron (TDZ) was studied on in vitro axillary shoot 
proliferation from nodal explants of S cuminii. The nodal explants were placed onto 
MS medium augmented with different concentrations (0.25, 0.5, 0.75, 1.00, 5.00, 
10.00, 15.00, 20.00 fiM) of TDZ. The observation reveals that it influenced the 
induction and frequency of shoot bud formation. The morphogenetic response of 
nodal explants to TDZ is summarized in (Table-5). TDZ stimulated axillary shoot 
sprouting whhin a week of inoculation. The highest shoot regeneration frequency of 
94 ± 1.00% with maximum mean shoot number of 7.27 ± 0.01 and shoot length of 
2.13 ± 0.20 cm were observed in MS medium supplemented with 20nM TDZ (Fig-
4a,b&c). Further increase or decrease in the concentration reduced the shoot 
regeneration frequency and percent regeneration. 
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Explanation of Plate- 1 
a. 15 yrs old healthy tree oiSyzigium cuminii. L. 
b. Fresh sprout from lower trunk of the tree that has been taken as 
explant source. 
c. Flowers of 5yz/g/Mm cwm/miL. 
d. Nodal explant. 
Plate-1 
Explanation of Plate- 2 
a. Culture showing multiple shoot induction on MS + BA (10 ^M) 
after 6 weeks of incubation. 
b. Culture showing multiple shoot proliferation on MS+ BA (10 
|iM) after 12 weeks of incubation. 
c. Multiple shoot proliferation on MS + BA (15 |J,M), 6 weeks of 
incubation. 
d. Culture exhibiting high multiple shoot proliferation after 6 
weeks of incubation but with stunted shoot growth along with 
leaf abscission on MS + BA (10 ^M) after 14 weeks of 
incubation. 
Plate -2 
Explanation of Plate- 3 
a. Culture showing multiple shoot induction on MS + KN (15 |iM) 
after 6 weeks of inoculation. 
b. Culture showing multiple shoot proliferation on MS + KN (15 \xM) 
after 12 weeks of inoculation. 
c. Multiple shoot induction on MS+ KN (10 |iM) after 8 weeks of 
incubation. 
d. Multiple shoot proliferation on MS+ KN (10 i^M) + NAA (l^iM) 
after 14 weeks of incubation. 
Plate-3 
Here also the number of shoot buds induced per explants was quite significant 
but their elongation was not evident even after 8 weeks of culture. The culture showed 
distorted shoots with die back of shoot tip (Fig-4b&c). The problem of shoot 
distortion was overcome by transferring of shoot clusters to MS basal medium having 
GA3 lacking TDZ or MS medium fortified with BA, lacking TDZ. On this medium 
multiple shoots gets elongated a little and the distortion of shoot clumps were 
minimized considerably. (Fig-4d) 
Effect of CH (Casein hydrolysate) 
Casein hydrolysate is a milk protein product composed of amino acid and 
other substances that can be incorporated in basal media to provide plant cells 
with a source of organic nitrogen, calcium phosphate and vitamins (George 1993). 
These act as adjuvant in plant tissue culture. Different concentrations of BA (5, 10, 
15, 20nM) were tested in combination with CH (lOOmgl/1) to optimize the BA 
concentrations. Among different BA concentration tested 15nM BA with 100 mg/1 
CH gave best response, where 93.55 ± 1.89% cultures responded with a mean number 
of 6.95 ± 0.38 shoots per explants were obtained having shoot length of 2.90 ± 
0.15cm. (Fig-6b&d Table-6). The optimized BA concentration was then further tested 
with different concentrations of CH (50, 100, 200, 300mg /I). It was observed that BA 
(15nM) with CH (lOOmg/1) gave the best response with 91.55% regeneration 
response and mean shoot number of 7.51 ±0.15 having mean shoot length of 2.15 ± 
0.16cm. On further increasing or decreasing the CH concentrations the regeneration 
frequency and percent regeneration decreased. 
Effect of AdS 
In the present investigation it has been observed that in all the treatments given 
the shoots exhibited inhibited growth, less elongation, smaller leaves, chlorosis and 
necrosis. To overcome these problems, shoot clumps were subcultured onto a fresh 
medium augmented with AdS (50 mg L'') along with of BA and NAA. The effect of 
AdS on morphogenic response was studied at the concentration range of 50,100, 200, 
300mg/l. Addition of AdS does have little promotory effect on muhiple shoots 
however healthy leaves and healthy shoot development and elimination of necrosis 
and chlorosis was observed. (Fig-7a&b). Nevertheless mean shoot number and length 
was least affected. The promotory effect of AdS was observed when supplied along 
with BA and NAA in combination (Table-5) as compared to BA alone on MS basal 
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medium(Table not shown). AdS at the concentration of lOOmg/1 with BA lO^M + 
NAA l^M proved to be the most effective of all concentrations. The maximum shoot 
number observed was 8.12 ± 0.25 with a maximum shoot length of 2.99 ± 0.15cm 
(Table-7 Fig-a&b). 
Effect of GA3 (Gibberellic Acid) 
The present investigation reveals that there was considerable number of multiple 
shoots but their growth or elongation was inhibited and very slow. The shoot clumps 
appeared in rosette and the leaf size were also smaller. 
To overcome restricted grov/th of the multiple shoots GA was added into the 
regeneration medium. The shoot clumps from different medium concentrations were 
transferred onto MS with GA3 of different concentrations (1.0, 2.5, 5.0, 7.5 nM). 
Addition of GA3 enhanced the number of multiple shoots along with shoot length that 
increased significantly after 4 weeks of incubation. Not all the shoots increased in 
length but 3-4 shoots elongated significantly with proper leaf expansion. The 
maximum mean numbers of shoots was 8.69 ±0.17 shoots per explants with a 
maximum shoot length of 5.9 ± 0.17cm (Table-8 Fig a,b,d). 
Best result was obtained on MS with GA3 (2.5^M) producing maximum shoot 
numbers of 8.69 ± 0.17 with mean shoot length of 5.9 ± 0.17cm. Beyond the optimum 
level if the GA3 was increased, the number of shoots and shoot length both decreased. 
GA3 also affected positively the leaf size and growth giving a healthy appearance 
(Fig-8a,b,d). 
Effect of Subculturing 
The cultures need to be transferred on fresh medium after every 3 weeks of 
incubation. Frequent subculturing enhanced the regeneration frequency and mean 
shoot length. The frequency of shoots produced was increased up to three culture 
passage so far. 
In vitro rooting 
To obtain complete plantlets the regenerated shoots must be rooted. It is the 
most important stage. In woody species the rooting is quite hard. In vitro raised shoots 
were excised separately and incubated to different rooting medium. 
MS (Full and half strength) medium without any growth regulator failed to 
induce root formation even after 4 weeks. To facilitate the development of root MS, 
full and half strength medium augmented with different auxins (IDA and NAA) 
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separately at different concentration (0.5, 2.5, 5.0, 7.5 nM) with sucrose 3 % were 
tested (TabIe-9). MS half strength along with NAA (5nM) proved to be the best 
rooting medium showing 85± 1.73% response and average number of root 6.00 ±0.10 
and root length 7.16 ± 0.02 cm ( Fig-9c&d). MS half strength showed promotory 
effect on rooting response in comparison with MS full strength. MS full strength with 
NAA (2.5^lM) gave better response than MS + IB A showing 77.00 ± 1.73% percent 
response with mean number of roots 3.01 ± 0.15 and average shoot length of 5.65 ± 
0.15cm. Gradual decrease or increase in concentration of NAA affect the root percent 
response, average number of roots and root length considerably beyond optimum 
concentration. 
While in MS'/z strength beyond NAA5nM a reduction in percent response, mean 
root number and mean root length was observed. 
Acclimatization 
Plantlets with fully developed shoots and roots were removed from culture 
medium washed carefully to remove culture remnants, transferred to thermocol cups 
containing sterile soilrite and covered with polythene bags (Fig-b). Initially the 
plantlets were watered with MS 1/2 for two weeks thereafter with normal water. After 
4 weeks they were transferred to pots containing normal garden soil and maintained in 
green house conditions. The percent survival of in vitro raised plants was 75% in 
soilrite and about 70% plantlets survived when transferred from soilrite to natural soil. 
The plants appeared morphologically uniform with normal leaf, shape and growth 
patterns (Fig-c). 
Nigella sativa L. 
The present investigation was carried out to explore the morphogenic potential 
of the cotyledonary nodes (CN) and leaf explants by different growth hormones on 
Nigella sativa a highly medicinal herb. The basal medium used was MS (Murashige 
and Skoog, 1962) supplemented with different growth hormones such as, BA, KN, 
AdS, IBA and NAA. The growth parameters were recorded at an interval of two 
weeks from the date of inoculation. 
Establishment of Aseptic Culture 
The certified seeds were obtained from local seed stores. They were washed 
thoroughly following all the steps for obtaining sterilized seeds. (The steps have 
already been described in the Material and Method section). 
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Plate-4 
Explanation of Plate 5 
a. Culture showing induction of shoots on MS + BA (10 |xM) + NAA 
(1 \xM) after 4 weeks of incubation. 
b. Muhiple shoot proliferation on MS + BA (10 ^M) + NAA (1 i^M) 
exhibiting stunted growth after 8 weeks of incubation. 
c. Multiple shoot proliferation on MS + BA (10 |xM) + NAA (1 \iM) 
exhibiting leaf abscission and shoot tip necrosis after 12 weeks of 
incubation. 
d. Multiple shoots proliferation on MS + BA (15 ^M) + lAA (1 |xM) 
after 12 weeks of incubation. 
Plate-5 
Explanation of Plate 6 
a. Multiple shoot induction on MS + BA (15 i^M) + CH (lOOmg/1) 
after 2 weeks of inoculation. 
b. Culture showing multiple shoot proliferation on MS + BA (15 i^M) 
+ CH (100 mg/1) after 8 weeks of incubation. 
c. Culture exhibiting multiple shoot induction on MS + BA (10 |^ M) 
+ CH (100 mg/1) after 2 weeks of incubation. 
d. High multiple shoot proliferation with one or two elongated shoots 
and small leaves on MS + BA (10 i^M) + CH (100 mg/1) after 8 
weeks of culture 
Plate-6 
Explanation of Plate 7 
a. Culture showing little shoot elongation and healthy shoot growth 
on transferring of shoot clumps from MS + BA (10 ^M) to MS + 
BA (10 ^M) + NAA (1 ^M) + AdS (lOOmg/1), after 4 weeks of 
incubation. 
b. Healthy shoot growth on MS + BA (10 ^M) + NAA (1 i^M) AdS 
(lOOmg/1), on transferring of shoot clumps from MS + BA (10 (xM) 
+ NAA (1 i^M) after 4 weeks of incubation. 
Plate-7 
Explanation of Plate 8 
a. Culture showing shoot elongation with healthy shoot growth and 
leaf expansion on MS + GA3 (2.5 |iM) after 4 weeks of incubation 
b. Culture showing shoot elongation on MS + GA3 (1 |xM) after 16 
weeks of incubation 
c. High rate of multiple shoot induction on MS + BA (15 jiM) + CH 
(lOOmg/1) after 4 weeks of incubation 
d. Elongated multiple shoots with proper healthy growth on MS + 
(BAl 5 ^M) + CH (lOOmg/1) after 12 weeks of incubation. 
Plate-8 
Explanation of Plate 9 
a. Culture showing poor rooting (single root) on MS + NAA (2 
|iM) after 4 weeks 
b. Culture showing poor rooting on 1/2MS + IBA (2 .5 |iM) after 
4 weeks. 
c. «& d. Healthy adventitious root growth on Vi MS + NAA (5 
|iM) after 4 weeks of incubation. 
Plate-9 
Explanation of Plate 10 
a. Healthy shoots with roots ofSyzigium cuminii L. 
b. Acclimatized plantlet in Soilrite. 
c. Hardened plant in the soil. 
Plate-10 
The seeds were inoculated on MS and half strength MS with or without GA3 
1 fiM to raise the aseptic seedlings. The seeds germinated in almost all the mediums. 
The germination details have been given in (Table-10). Seeds did not germinate 
satisfactorily on MS medium without any hormones (21%). Percent germination 
increased on MS medium fortified with 1 nM GA3 up to 48%. Seed showed the best 
germination percent when inoculated on half strength MS fortified with luM GA3 as 
it induced 70% germination within 10 days of inoculation. However on increased 
concentration of GA (2.5^M) germination frequency reduced to 45%. 
CN and leaves were excised from two weeks old axenic seedlings and used as 
tissue source in the regeneration experiment. 
Direct organogenesis 
Effect of single treatment (BA, KN and ads) on cotyledonary node (CN) explants. 
The CN explants when placed on MS medium supplemented with different 
concentrations of BA, KN and AdS showed different response. The result has been 
summarized in (Table-11). On MS devoid of growth regulator, CN did not exhibit any 
response even after 4 weeks. When BA and AdS were used as the sole cytokinin, it 
only triggered the formation of different types of callus. The CN explants showed 
positive response and readily induced shoot buds on MS supplemented with different 
concentration of KN after slight callusing at the base within 2 weeks of inoculation. 
MS medium with KN (2 jiM) exhibited the best concentration for shoot induction. 
Maximum percent regeneration was 70.33% with a maximum of 14.31 ± 0.23 of 
shoots with maximum length of 4.56 ± 0.12 cm was obtained on MS fortified with 
KN 2nM. after 6 weeks of incubation (Fig-14 b). 
Effect of auxins and cytokinins 
Different concentrations of KN with different auxins (NAA and IBA) were 
added to the basal medium to see the synergistic effect of cytokinin and auxin 
treatment. The result showed that the combination of both KN with NAA increased 
the rate of shoot proliferation. A maximum of 15.33 ± 0.23 shoots with mean shoot 
length of 5.32 ± 0.23 cm with 72.56 ± 0.06 percent regeneration on MS medium 
augmented with 2 nM KN and 1 jiM NAA after 4 weeks (Fig-15c). However on KN 
with IBA no significant result was observed rather it reduced the regeneration 
frequency and mean shoot number as compared to KN alone. 
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Indirect organogenesis 
Callus induction from different explants 
Effect of Single treatment of BA, KN, and AdS on leaf explants 
The leaves were excised from the germinated seedlings and used as explant 
source. No callus or shoot proliferation was observed when leaf explants were 
cultured on hormone free MS medium. But when cultured on MS medium 
supplemented with different concentrations of cytokinins BA, KN, and AdS 
differential response were exhibited. Best result was obtained on MS fortified wit BA. 
However supplementation of other cytokinins did not show any encouraging response 
except small callusing. 
Leaf explants when cultured on MS medium supplemented with different 
concentrations of BA (0.1, 0.5, 1.5, 2.5, 5\iM) showed initial expansion, became 
fleshy and exhibited bulging at several places of lamina after a week of inoculation. 
The callusing started from the margin of explants and covered entire surface within 2 
weeks of culture. The callus so induced was slow growing, friable and whitish green 
with 4-5 shoot buds. (Fig-lld&e). However supplementation of other cytokinins did 
not show any encouraging response except small callus percent. (Table -12) 
Highest frequency of callusing (90%) was achieved on a medium augmented 
with 2.0nM BA. When these calli were further transferred on the same medium after 
two weeks an enhancement in callus proliferation could be observed. The nature of 
the callus also changes to compact green with increased number of shoot buds. 
(Fig 12b). These calli with shoot buds were further subcultured on the same medium 
leading to both increased callus proliferation and 30.12±0.34 shoot buds, but without 
any shoot differentiation. 
Effect of Single treatment of BA, KN, and AdS on CN explants 
The CN excised from 10 day old seedling when cultured on MS supplemented 
with BA (0.1, 0.5, 1.5, 2.5, 5\iM) swelling of the explants took place after 4-5 days. 
Callus was initiated from the proximal cut end which covered the entire surface 
within a week (Fig-1 If). Morphology and growth was affected by the concentrations 
of BA (Table-11). Of the various concentrations of BA used best callus proliferation 
was obtained on MS augmented with BA 2.5nM. On concentrations beyond 2 \iM no 
callusing could be observed. The calli were fast growing green and semi friable in 
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nature with 6-7 initial shoot buds. (Fig-llf). Highest frequency of callusing 70.5 % 
was achieved on a medium augmented with 2.5nM BA. Decrease or increase in BA 
concentrations reduces the callus proliferation. On MS with BA 2jiM the callus was 
green but friable in appearance. These calli were further transferred on MS fortified 
with the same BA concentration where profuse callusing could be observed. The 
callus became green, compact and nodular exhibiting an increase in number of shoot 
buds. Decrease or increase in BA concentration reduces the callus proliferation as 
well as number of shoot buds. On MS with BA 2 jiM the callus was green but friable 
in appearance. These calli were further transferred on MS fortified with the same BA 
concentration where profuse callusing could be observed. Best callusing was observed 
on MS amended with BA 2.5 \iM exhibiting 30.2 ± 0.23 shoot buds. 
CN when placed on MS fortified with different concentrations of AdS (5, 10, 
15, 20, 25^M) exhibited only callus formation. These calli were yellow in color and 
friable in nature without any shoot buds. (Fig-1 Ic). On further transferring the callus 
on to the same medium or MS medium with cytokinins and auxins (IBA and NAA) 
the nature of callus remain unchanged. They exhibited phenolic release and no further 
callusing (Table-11). 
Plantlet development from differentiating calli 
The green compact calli with shoot buds obtained on MS with different 
concentrations of BA (Table-13& 14) could not elongate to produce shoots although 
number of shoot buds were considerably much in the callus obtained from both the 
explants (leaf and CN). These calli were subcultured on MS basal medium 
supplemented with BA and different auxins (IBA and NAA) for shoot proliferation 
studies. 
The green nodular calli with shoot buds obtained from leaf explants were 
transferred onto different combination medium of BA and auxin. The transferred 
callus produced more greenish compact callus and were found highly competent for 
shoot bud initiation (Fig-12d&e). A maximum of 25.55 ± 0.03 shoots with maximum 
shoot length of 5.25 ± 0.06 cm was obtained on media comprised of BA (2.5^M) and 
NAA (1 ^M). The earliest sign of shoot differentiation was noticeable after 2 weeks of 
incubation. A continuous process of shoot buds multiplication was achieved through 
repeated subculturing of the callus on same medium. The cultures were required to be 
transferred within two weeks as the development of vitrified shoots were observed 
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along with phenolic release was observed when the duration of incubation prolonged 
as a result leading to death shoots (Fig-13d). 
The green semi compact calli obtained from CN explants, with shoot buds was 
transferred on different cytokinin and auxin combination for shoot regeneration. The 
de novo or multiple shoots morphogenesis was observed from CN callus within 2 
weeks of incubation. Number of shoots buds increased highly on this medium and the 
differentiation of shoot buds into shoots were observed within 4 weeks of incubation 
(Fig-13e, Table-13). A combination of BA (SfiM) and NAA (luM) was found to be 
the best with maximum shoot regeneration of 28.06 ± 0.66 shoots with maximum 
shoot length of 5.25 ± 0.06 cm. However the combination treatment of BA and IBA-
was not better than BA and NAA (Table-13). 
Callus obtained from CN explants on AdS were yellow and friable. These were 
further transferred on different combination medium but they did not exhibit any 
shoot buds or shoot regeneration. 
Effect of subculturing 
Repeated subculturing of the callus enhanced the shoot bud induction in the 
callus and proliferation of callus. It also changed the morphogenetic potential of tlie 
callus giving rise to increased shoot bud production and multiple shoots on 
cj'tokinins-auxin combined medium. However in case of direct regeneration, 
subculturing increased the rate of multiple shoot regeneration markedly. The cultures 
need to be transferred or subcultured within 2 weeks or else vitrified shoots appeared 
with high phenolic exudations. 
Rooting 
The shoots were rooted well on half and full strength MS basal medium lacking 
any hormones success Nigella sativa (Roy, 1986) with 60% rooting frequency. 
However acclimatization survival rate was only 25%. 
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Explanation of Plate 11 
a. Seeds of Nigella sativa L. 
b. Seedlings growing on MS + GA3 after 8 days of incubation. 
c. High proliferation yellow friable callus from CN explant on MS 
+ AdS. 
d. Initiation of callus and differentiation of shoot buds (arrow 
pointing) from leaf explant after 2 weeks of incubation on MS + 
BA (2 ^M). 
e. Proliferation of green friable callus on MS + BA (2.5 i^M) after 
4 weeks of incubation from CN explant. 
Plate-11 
Explanation of Plate 12 
a. Initiation of green friable callus on MS + BA (1.5 (iM).) after 1 
week from leaf explant. 
b. Fast growing green nodular callus with numerous shot buds on 
MS + BA (2 i^M) after 6 weeks of incubation from leaf explant. 
c. Green compact callus exhibiting shoot differentiation on MS + 
BA (2.5) + NAA (1 |iM) after 2 weeks of incubation from CN 
explant. 
d. High callus proliferation with numerous shoot buds on MS + 
BA (2 i^M) after 3 rd subculturing of the callus mass obtained 
from leaf explant on the same medium. 
e. High callus proliferation with numerous shoot buds on MS + 
BA (2.5 |iM) after 3 rd subculturing of the callus mass obtained 
from CN explant on the same medium. 
Plate-12 
Explanation of Plate 13 
a. Multiple shoot differentiation on MS + BA (2 fiM) + NAA (1 
|iM) after 2 weeks on subculturing of leaf callus with shoot 
buds. 
b. Multiple shoot differentiation on MS + BA (2 ^M) + NAA (1 
\iM) after 4 weeks, on subculturing of CN callus with shoot 
buds. 
c. Multiple shoot differentiation on MS + BA (5 }iM) + NAA (1 
|iM) from CN callus after 4 weeks. 
d. Multiple shoot differentiation on MS + BA (5 ^M) + NAA (1 
^M) after 4 weeks from CN explant (vitrification of shoot is 
visible). 
e. Multiple shoot differentiation on MS + KN (2.5 i^M) + NAA( 1 
|iM) after 4 weeks (with vitrified shoots and phenolic release) 
Plate-13 
Explanation of Plate 14 
a. Direct regeneration from CN explant of Nigella sativa L. on MS 
+ KN (1 ^M) after 4 weeks of incubation. 
b. Direct shoot regeneration from CN explant on MS + KN (2 |iM) 
after 4 weeks of incubation. 
c. Multiple shoots CN explant on MS + KN (2 i^M) + NAA (1 
^M) after 6 weeks of incubation. 
Plate-14 
VUciA4fiion/ 
CHAPTER-5 
DISCUSSION 
Micropropagation has become a reliable and routine approach for large 
scale rapid plant multiplication which is based on plant cell, tissue and organ 
culture on well defined tissue culture media under aseptic conditions . A lot of 
research efforts are being made to develop and refine micropropagation methods 
and culture media for large scale plant multiplication of several number of 
economically important plants including trees, horticulture crops and medicinal plants 
species. However many fruit, medicinal and forest tree species still remain 
recalcitrant to in vitro culture and require highly specific culture conditions for 
plant growth and development. Phytodiversity has been used as the major source of 
food, medicine, fuel, timber etc beside other uses. Our plant genetic resources are very 
precious and its loss at every level has fundamental detrimental impact on human kind 
because of their direct and indirect uses. Micropropagation offers means of rapid and 
mass multiplication of the existing stock of germplasm for biomass production and 
conservation of rare and threatened species (Bonga and Durzan 1987, Gupta et ai, 
1993, Anis et ai, 2005). Protocols have been developed for micropropagation of 
woody trees b\ using axillary bud cuirare, somatic embryogenesis and organogenesis 
method. Medicinal plant sector has traditionally occupied an important position in the 
socio cultural spiritual and medicinal arena of urban, rural and tribal lives of India. In 
recent year the growing demand of herbal product has led to a quantum jump in 
volume of plant material traded within and across the countries. There is a great 
potential of cell and tissue culture techniques in plant improvement, provided plants 
can be readily regenerated in large numbers. 
Plant: Syzigium cuminii L. 
Syzigium cuminii L. is a multipurpose tree having greater application for 
economic point of view because of its highly medicinal value and its serving as minor 
fruit all over the world and also as timber and forest tree. Because of its woody nature 
and less response only few reports are available wherein mostly juvenile tissue were 
used. The procedures for production of plants from seedling explants of Syzigium 
cuminii L. have been described earlier (Yadav et al, 1990; Jain and Babbar, 2000). 
However for micropropagation it is often preferable to use explants from mature plants 
where superior characteristics are evident. Tissue culture of Syzigium species is 
attracting considerable attention for its ability to produce clonal population under in 
vitro conditions. 
In the present study experiments were conducted using nodal segments, shoot 
tips and leaf explants. All the explants were not regenerative. Of all the explants tested 
only nodal segments produce shoot buds that later proliferates into shoots. Shoot tip 
explants responded most favorably when the explants were inoculated in TDZ 
comprising medium while in MS with cytokinin singly or in combination resulted in 
blackening of the tips in subsequent days in most of the cultures leading to the death of 
tissue. Nodal explants were more responsive than shoot tip. This differential 
morphogenetic response could be due to difference between the physiological states of 
the buds on different regions of stem (Vieitez et al., 1985). Similar results were also 
reported in S cuminii and Moras australis (Yadav et al, 1990; Patnaik et al, 1996). 
Clonal propagation via nodal explants from a mature tree of Syzigium cuminii had been 
reported only by Ramashree et al, (2007), Rathore et al, (2004), Jain and Babbar, 
2003). Ramashree et al, (20007) reported favorable response of multipla shoot bud on 
WPM medium rather than MS medium. Jain and Babbar reported a maximum of 2.86 
shoots per explant on MS medium supplemented with CH. Rathore et al, (2004) 
reported 2.20 numbers of shoots on modified MS medium. Here in the present 
investigation a maximum of 7.5 ± 0.15 numbers of shoots per nodal explant has been 
observed. 
Direct shoot regeneration 
Effect of cytokinins 
An easy and safe strategy used to multiply in vitro from existing meristem 
(direct regeneration) in particular feasible and preferred mainly for genome stability 
(George 1993). Woody plants undergo quite profound change in morphology and 
associated with distinct altering in gene expression that effect cell and tissue 
determination e.g. altering the secondary metabolites in the mature stage. It is often 
difficult to stimulate the growth of the meristematic tissue at this late phase. Since elite 
trees can only be identified when they are mature at phase, it is often very difficult to 
stimulate the growth of this meristematic tissue at this late phase of their development 
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and to reproduce somatic cells. A prerequisite for in vitro cloning trees by either nodal 
culture or shoot tip is that their shoot apices must be wholly or partially rejuvenated 
during the establishment phase. Rejuvenation requires the expression of juvenile phase 
developmental gene (Litz, 2003). Watt et al, (1999, 2000) reported axillary buds as 
one of the most suitable explant to initiate plant culture experiment when isolated from 
actively growing shoots as their apices are fully rejuvenated. 
Explants of Syzigium cuminii failed to develop shoot buds in growth regulator 
free medium. Of all the cytokinins BA have been used most commonly for shoot 
induction (Tripepi, 1997; Shiau etal., 2005; Yadav et al, 2007). Cytokinins commonly 
stimulate shoot proliferation and inhibit shoot elongation, particularly BA (Brassard et 
al, 1996). Various cytokinins (BA, KN and AdS) were tested to facilitate bud initiation. 
In the present study, BA was proved to be most effective than other cytokinins. 
Maximum shoot bud inductions have been observed from mature nodal explants on 
MS medium supplemented with BA only at a concentration of 10.0 nM whereas KN 
and AdS were least effective. The edge of BA over other cytokinins has been reported 
and discussed in relation to shoot proliferation culture of trees using variety of explants 
(Bonga and Von Aderkas, 1992). 
The majority of literatures have also reported the superiority of BA over other 
cytokinins as in S cuminii (Jain and Babbar., 2000, Ramashree et al, 2007; Yadav et al 
,1990; Rathore et al 2004 ), Terminalia arjuna (Pandey et al,2003), Psidium guajaxa ( 
Rai, 2009), Crataeva nurvula ( Walia et a/,2007), Pterocarpus marsupium (Chand and 
Singh 2004, Anis et al, 2005), Dalbergia sissoo ( Gulati and Jaiwal 1996 ; Pradhan et 
a/., 1998), Melia azadirachta ( Shahzad et al., 2001)etc. BA at most of the tested levels 
promoted development of incipient shoot buds. Although BA was more responsive 
than other cytokinin tried but the shoots showed rosette appearance with stunted 
growth and abscission of leaves. Only 1-2 shoots elongated. BA, at most of the tested 
levels promoted development of insipient shoot buds. Similar results have been 
observed in 5 cuminii (Jain and Babbar, 2003, Yadav et al, 2004), Pterocarpus 
marsupium, Hussain et al. 2008, Syzigium travancomicum, Anand et al., 1990). 
Increase in concentration of BA beyond optimal level (10 fiM) had a 
suppressing effect and exhibited reduction in regeneration frequencies and shoots 
number from each explant. This is in consonance with earlier reports on Syzigium 
47 
ahernifolium (Khan et al., 2000), Syzigium cuminii (Rathore et al, 2004), Vitex 
negundo (Sahoo and Chand, 1998); Annona squamosa (Nagori and Purohit, 2004). 
Nodal segments produced multiple shoot on MS medium containing KN and 
AdS singly with maximum regeneration frequency of 82% and 42% respectively. Thus 
all cytokinins were capable of shoot induction in nodal explants. Similar observation of 
was also reported in other plant species such as Holostemma ada-kadien (Martin 2002), 
Anemopaegma arvense (Pereira et al. 2003). 
Effect of auxins and cytokinin in combination 
The combination of auxins (lAA and NAA) with the optimal concentrations of 
cytokinin was also studied for their ability to affect the shoot induction and 
multiplication rate. Low level of auxin (lAA and NAA) of IfiM were tried with 
different concentrations of BA to find out the best composition media for maximum 
plantlet regeneration as in most of the earlier reports the synergistic effect of auxins 
and cytokinins have been demonstrated(Tripepi, 1997; Shiau et al, 2005; Yadav et al 
2007). But in our experiment both frequency and average number of shoots produced 
per explant were decreased in MS medium supplemented with cytokinin and auxin in 
combination. However, the best combination among lAA and NAA tested with 
different BA concentrations was BA + NAA. NAA proved superior to LAA for shoot 
proliferation and induction. Addition of low concentration of NAA and lAA (luM) to 
the shoot multiplication medium in the present study reduced the number of multiple 
shoots and did not affect shoot length much. This result is in agreement with that of 
findings in Satsuma mandarin (Omura and Hidaka, 1992), Citrus Grandis L. (Paudyal 
and Haq, 2000)), Wrightia tinctoria (Purohit and Kukda, 1994), Syzigium ahernifolium 
(Khan et al., 1995), Azadiracta indica (Shahin-uz-zaman et al, 2007), Phellodendron 
amurense (Azad et al., 2004). 
Plant hormone plays an important role in many aspects of growth and 
development including dormancy. Cytokinins have been shown to stimulate or 
accelerate release of buds from dormancy. Different cytokinin generally express 
different activities in affecting axillary shoot formation in vitro (Preece and Sutter, 
1991). The analyses of variance revealed that morphogenesis of the explants were 
significantly influenced by cytokinin type, concentration and their interaction. The 
addition of KN and AdS singly in the basal medium significantly reduced the number 
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of shoots in comparison to BA. Similar result has been put forward S altemifolium 
(Khan et al., 1995). According to Murashige (1974), adenine in the form of adenine 
sulphate can stimulate cell growth and greatly enhanced the shoot formation. It is 
apparent from the result that AdS found to reinforce the effect of other PGRs as 
implicit by enhancement in shoot proliferation. AdS has been reported to exhibit 
synergistic effect with other cytokinins and the strategy of using AdS as an adjuvant 
has been adopted for many woody plant species including Tectona grandis (Devi et 
al, 1994), Bauhinia vahlii (Dhar and Upreti, 1991), Jatropha circus (Rajori and 
Batra, 2005). 
Cytokinin singly proved best for multiple shoot regeneration however the time 
period for budbreak and shoot initiation was much longer (3 weeks) than in 
comparison with explants inoculated on TDZ or cytokinin-auxin combination 
medium. 
Effect of TDZ 
TDZ (N- phenyl -1,2, 3-thidiazol-5-yl urea) a potent cytokinins (urea derivative 
has been used extensively for tissue culture studies of many woody tree species. It 
exhibited strong cytokinins like activity (Thomas and Katterman, 1986) by promoting 
the axillary as well adventitious shoot proliferation (Huettemen and Preece 1993). In 
general TDZ is reported to be more effective than purine type of cytokinin for 
shoot regeneration and multiplication (Murthy e/a/. 1998). In the present investigation, 
a considerable positive effect of TDZ has been observed. Higher concentration i.e. 
20|iM TDZ proved to be the best for adventitious shoot regeneration. Similar results 
have also been reported for axillary shoot proliferation in several woody plant species 
such as Pterocarpus marsupium (Hussain et al., 2007, Ahmad et al., 2006). TDZ could 
be substituted for adenine-type cytokinins in various cell culture systems including 
both callus cultures and micropropagation of many woody plants. Its mode of action 
may be attributed to its ability to induce cytokinin accumulation (Victor et al. 1999) or 
to enhance the accumulation and translocation of auxin (Murch and Saxena, 2001). 
There is growing evidence that TDZ may be involved in increasing the biosynthesis or 
accumulation of endogenous cytokinin (Murthy et al., 1995). 
The regeneration frequencies and number of shoots declined with an increase 
or decrease in TDZ concentration beyond the optimal level (20nM). TDZ has been 
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reported to inhibit slioot elongation on prolonged exposure (Huettman and Preece 
1993). The continuous exposure of TDZ to the explants resulted in abnormal or 
distorted shoots and stunted shoot growth as it was also evident in Dalbergia sissoo 
(Pradhan et al., 1998). Inhibition of shoot bud elongation has been documented to be a 
consistent problem in woody species. This problem was overcome when the cultures 
were transferred to TDZ lacking medium or in MS medium with BA and AdS 
containing medium. Similar response with BA and NAA on TDZ exposed tissue was 
also evaluated in Liquidambar styraciflua (Kim et al., 1997). The shoots showed 
increase in length on further transferring the culture in MS medium containing GA3 of 
different strength. The present finding illustrated that TDZ can substitute both auxin 
and cytokinin requirement reported earlier (Chandramu et al., 2003b, Sharma et al, 
2006). One of the reasons is due to its unique mode of action which may involve, at 
least in part, the modulation of the levels of endogenous growth regulators, polar 
auxins transport and accumulation of proline in TDZ induced tissues (Jones et al, 
2007) 
Effect of CH 
Casien hydrolysate(CH) is a milk protein product composed of amino acid 
and other substances that can be incorporated in basal media to provide plant cells 
with a source of organic nitrogen, calcium phosphate and vitamins (George 1993). 
The effect of CH on adventitious regeneration from adult explants varies from 
inhibitory on apple and cherry root stocks (James et al, 1984), to beneficial on apple 
scions (Hammerschlag et al., 1997) and blueberry (Cao et al, 1998). In the present 
investigation CH has been used along with BA in different concentration. The shoots 
exhibited normal healthy growth without STN or leaf chlorosis and abscission. This is 
in consonance with earlier reports in Prunus dulcis (Ainsley et al, 2000), Abies 
nordmaniana{ Norgaard and Krogstrup, 1991) and Lupinus sps.( Nodolskea-
Orezyk, 1992), S cumimi (Jain and Babbar 2000 and Roy et al, 1996). 
Effect of AdS 
Interestingly it was observed during the present study that the regenerated 
shoots of some cultures when attained a height of 2.1 cm or more, exhibited die back of 
the tips. The tips turned black and showed the phenomena of apical necrosis after 10-
12 weeks of culture, thus hampering further growth of shoots. The cultures also 
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showed premature leaf abscission, small unhealthy leaf appearance, restricted shoot 
growth and chlorosis. These problem are quite common in woody tree species such as 
Pistacia vera (Abousalim and Mantel, 1994), Castenia dentate (Xing et al., 1997), 
Dalbergia latifolia ( Lakshmisita and Raghavswamy, 1993), Pterocarpus marsupium 
(Husain and Anis, 2007). The possible measure to prevent STN as well as premature 
leaf abscission and leaf chlorosis in culture was attempted by incorporating AdS to the 
aforesaid single cytokinin medium of BA as well as in cytokinin-auxin combination 
medium. STN were almost circumvented in 95% of the explants. The supplementation 
also proved useful in controlling leaf abscission and also affected the vigor of shoots 
with proper leaf expansion. The occurrence of STN has been reported time to time by 
many workers in many crops as well as tree species and the phenomena was explained 
in different ways. In crops like apple, potato, quince and pistachio STN has been 
attributed to the efficiency of calcium which moves the transpiration streams caused 
by high humidity and low transpiration in the closed culture vessel (Abousalim and 
Mantell, 1994). Adenine in the form of adenine sulphate can stimulate cell growth and 
greatly enhanced shoot formation (Murashige 1974). It provides a good source of 
nitrogen to the cell and can generally be taken up more rapidly than inorganic nitrogen 
(Thorn et al., 1981). AdS reported to exhibit synergistic effect with other cytokinins 
and the strategy of using AdS as an adjuvant has been adopted effectively for many 
woody plant species including Tectona grandis (Devi et al, 1994), Pteroarpus 
marsupium Roxb (Hussain et aL,2006 ) , Jatropha curcus (Rajore and Batra, 2005), 
Dalbergia latifolia (Lakshmi Sita et al., 1993). 
Effect of GA3 on shoot elongation 
Axillary shoot proliferation from the nodal explants of S. cuminii varied 
considerably. In vitro regeneration from field grown explant has been observed to be 
difficult due to several inherent problems such as slow growth capacity (Purohit and 
Kukda, 1994, Quraishi and Mishra, 1998, Agrawal et al., 2002, Kumar et al., 2005). 
Slow growth of the microshoots was one of the major obstacles in the growth of culture 
of Syzigium cuminii as reported earlier also by (Jain and Babbar 2000, Rathore et al., 
2004, Yadav et al., 1990). In the present experiment the shoot clumps showed rosette 
appearance with slow or stunted shoot growth. These microshoots could not further 
develop to plantlet. lAA or NAA or AdS was added to the medium to promote shoot 
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elongation along with cytokinin but it does not have much prominent effect so to 
circumvent this problem GA3 was used along with cytokinin. The result implicit that 
on addition of GA3 the shoot length and proliferation rate increased significantly, 
which was in consonance of earlier reports in Psydium guajava (Amin and Jaiswal, 
1987), Citrus grandis (Paudyal and Haq, 2000), Spondius mangifera (Tripathi and 
Kumari, 2010), Capsicum annum L.(Chen Qin et al.,2005). 
Effect of subculturing 
Shoots of S cuminii could be multiplied in vitro by repeated transfers /serial 
culture of the mother explants on the fresh medium after every 20 -25 days. Successive 
subculturing had a significant effect on shoot multiplication. An improved performance 
after several cultures to multiply and to form plantlets can be obtained by in vitro 
procedures. Rejuvenation by serial culture is the most common of these. There is 
marked increase in shoot proliferation and shoot bud induction after subculturing the 
shoot clumps on the same medium as previous or MS medium along with cytokinin 
and adjuvants like AdS. Repeated subculturing showed healthy growth of multiple 
shoots. The improved performance after several transfers was observed in culture of 
numerous tree species. These results corroborate to the previous reports for 
Pterocarpus santalinus (Arockia Samy et al., 2000), Syzygium cuminii (Jain and 
Babbar, 2000). Syzigium travancornicum, An and et al .,1999; S cuminii Yadav et 
al, 1990; Vitex negundo Ahmad and Anis (2007,2008); Tripathi and Kumari,2009, M 
australis (Pattnaik et al., 1996). Repeated subcuUuring was said to be one of the 
methods of maintaining juvenility (Franclet et al., 1987). 
Seasonal change 
Our work clearly shows that seasonal changes greatly influenced the in vitro 
response. Plant material collected during April to July gave the maximum response. 
The percentage establishment declined gradually during the subsequent month March 
to June is considered to be the active growth phase to establish culture. The better 
response of actively growing shoot buds over dormant buds have been reported by 
(Siril and Dhar, 1997, Husain and Anis, 2004, Kumar et al., 2005). Thus, seasonal 
changes seem to be one of the major critical factors in the establishment of culture. 
Such findings have earlier been reported by Tisserat (1985), Prasad and Chaturvedi 
(1988) and Dhar and Upreti (1999). 
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Rooting in regenerated shoots 
Rooting of/•« vitro regenerated shoots and transplantation of the plantlets to the 
field is the most important, crucial and essential step, but difficult task in tissue culture 
of Woody trees. In the present study, optimization of rooting response of tissue culture 
raised micro shoots of S cumini was achieved using different growth regulators at 
varying concentration. Adventitious rooting has been considered and manipulated as a 
single phase process in which auxin is reported to play major role (Bellamine et ai, 
1998). In case of S cuminii, auxins (IBA and NAA) exhibited differential response for 
rhizogenesis and NAA was found better as compared to IBA in stimulating 
adventitious root which is in contrast to earlier findings. Stimulatory effect of IBA on 
rooting has been found in earlier reports i.e. In Melia azadirach (Thakur et al., 1998, 
Balanites egyptica (Mansor et al., 2003). Variable rooting in response to different types 
of auxins with Mandarin varieties was reported by Omura and Hidaka (1992) and 
Paudyal and Haq. The roots were very healthy and percent root response was 95%. It 
was found that half strength MS medium was found better than full strength MS which 
corroborates with the earlier findings of Kaur and Kant (2000) and Hussain and Anis 
(2004), who supported reduced salt concentration for better rhizogenesis. IBA has been 
observed to induce strong rooting response and has been extensively used to promote 
rooting in a wide range of plant and woody species. This is in contrast to our findings 
where NAA was better than IBA. 
Acclimatization 
Hardening and acclimatization are crucial steps in achieving success in any 
micropropagation programme. Micropropagated tree species when transferred from in 
vitro to ex vitro conditions of green house or field show low survival or reduced growth 
rate due to sudden changes in environment (Eliasson et al., 1994, Pospisilova et al., 
1999). The special conditions during in vitro culture resulted in the formation of 
plantlets of abnormal morphology, anatomy and physiology. When in vitro raised 
plantlets are transferred to a relatively less humid external environment they undergo 
desiccation and death (Selvapandiyan et al., 1988). So they need a period of 
acclimatization to overcome these abnormalities. In the present study, the rooted 
plantlets of S cumini were successfully hardened off inside the growth room in selected 
planting substrate as described in material and methods. The plantlets were covered 
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with transparent polythene bags to maintain high humidity and also to prevent 
desiccation with the control temperature, photoperiod and irradiance. These were then 
transferred from soilrite to garden soil after 4 weeks of hardening in natural condition 
showing natural morphological appearance. 
Plant: Nigella sativa 
Indirect organogenesis (leaf and cotyledonary node explants) 
Crop improvement by traditional, methods (mass selection, in breeding and 
hybridization) is labor intensive and time consuming and strongly influenced by 
environmental condition. In contrast in vitro regeneration via callus culture may be a 
quicker and easier than conventional breeding technique to induce morphological and 
chemical variation (Gao and Bjork, 2000). Regeneration potential of cultured explants 
evidently depends on various factors such as nutrient medium, explants, temp, length, 
age and importantly endogenous level of phytohormones (Malik and Saxena, 1991; 
Arora and Chawla, 2005). 
It has been observed that in the same plant different explants showed 
differential response. Of the two explants tested (leaf and CN) CN gave better 
response than leaf in terms of shoot differentiation in single as well as in combination 
medium, in all the PGRs tested . Our observation revealed that fastest growing callus 
was achieved on leaf explants on MS augmented with BA. Number of shoot buds was 
nearly same in leaf and CN explants but their differentiation into shoots were 
markedly more in CN explants than in leaf Differential response for callus induction 
at various levels of growth regulators may be explained on the basis that different 
explants were at different biochemical status. In Nigella sativa it was observed that 
multiple shoots were initiated via callus formed on different PGRs. Callusing started 
at the cut end and covers the whole surface within 2 weeks of inoculation. Cut end act 
as an initiation point for callus. This may be due to the accumulation of auxin at the 
outer portions which stimulate cell proliferation in the presence of growth regulators. 
The finding are in consonance with the result obtained in Lathyrus sativa (Sinha et al., 
1982), Nigella sativa (Nabeel at al, 2008), Cicer arietinum (Huda et al., 2003), 
Acacia sinuata (Vengadesan et al., 2003). Both the leaf and CN explants gave green 
compact callus that later produce shoot buds after successive subculturing, but they 
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did not prcxluce any shoots even after transferring the callus with buds on the same 
medium however the number of shoot buds increased. 
The synergistic effect of auxin is quite icnown in tissue culture in forming 
callus. The characteristic of callus was changed in the cytokinin auxin combined 
medium. The relative compactness increased. Callus obtained on single cytokinin 
medium when transferred on combination medium of BA with NAA or BA with IBA 
showed fast proliferation in callus as well as enhancement in shoot buds, that later 
converted into shoots. This result was in accordance with earlier reports in Agave 
tequilana (Valenzuela-Sanchez et a!., 2006); Bacopa monnieri (Srivastava and Rajani, 
1999), leguminous tree (Gharyal and Maheshwari, 1990) and Leucaena leucocephala 
(Maity et al, (2005). Stimulation of shoot bud differentiation and proliferation was 
achieved by supplementing the media with NAA and it was observed that Addition of 
NAA was crucial for regeneration of shoot buds. Similar observation with auxin and 
cytokinin combinations have been recorded in Petasites hybridus (Wildi et al, 1998), 
Tylophora indica (Faisal and Anis, 2003), Solanum nigrum (Shahzad et al, 2000). 
However IBA does not showed synergistic effect. The improved efficiency in callus 
induction and further enhancement in number of shoot buds and shoot induction could 
be attributed to the role of auxins and cytokinins in DNA synthesis and mitosis 
(Skoog and Miller 1957). Auxin and cytokinin might have acted synergistically to 
promote either ceil division or cell expansion depending upon other factors within the 
cell that reacts with these hormones. 
Direct organogenesis 
Seed germination is the most common method of multiplication in 
angiosperm. In case of Nigella saliva the germination percentage in natural 
environment is quite low (only 20%). In general various treatments have been found 
to improve the phenomenon of germination and growth. In the present study rate of 
seed germination was improved through in vitro experiments. 
A higher seed germination (70%) was observed on half strength MS with GA3. 
Implicit by the result MS full strength does not affect much on germination, as 
compared to half strength. Incorporation of GA3 enhanced the germination 
percentage. The promotory role of GA3 for breaking seed dormancy and improve the 
germination has been reported by many investigators (Saba et al., 1997, Bose and 
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Sharma, 2000. During the past few years a number of medicinal plants have been 
successfully propagated in vitro using juvenile as well as mature plants parts 
(Trigiano et ai, 1992, Pradhan et al., 1998). Superiority of BA is well known in tissue 
culture but in the present study in Nigella sativa direct shoot regeneration was 
induced from CN explant on MS medium fortified with KN alone where as indirect 
organogenesis was observed on MS fortified with BA singly. This finding 
corroborates with earlier reports in Nigella sativa by (Roy et ai, 1986), Cajanus cajan 
(Geetha et al., 1999) and in Momordica charantiaiBanerjee et al.,1997) where zeatin 
has shown promotory effect over BA. Addition of auxins (NAA) with KN onto MS 
medium significantly enhanced the frequency of shoot proliferation. The result was in 
consistent with earlier findings of several workers who reported that the addition of 
low level of auxins with cytokinins promoted shoot induction and proliferation as in 
Prunus mume{ Ning et al.,2007), Cajanus cajan (Chandra et al.,l996), water melon 
(Chaturvedi era/., 2001). 
In vitro rooting and acclimatization 
Successful rooting was obtained easily on MS full or half strength medium 
free of any hormones but the acclimatization rate was only 25%.This may be due to 
the tender and fragile nature of the shoots that were very hard to handle. 
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SUMMARY 
India has rich biodiversity, the growing demand is putting a heavy strain on 
the existing resources, while the demand for medicinal plant and horticultural crop is 
growing, somehow of them are increasingly being threatened in their natural habitat 
for meeting the future need. Cultivation of medicinal plants has to be encouraged. 
According to an Ail India Ethno Botanical survey carried out by the Ministry of 
Environment and Forest, Government of India, there are over 8000 species of plants 
being used by the people of India. 
With the multidimensional progress achieved plant cell and tissue culture 
holds a unique promise and that involved in the development of large number of 
species many of which are important crop plants of agriculture, forestry, horticulture 
and medicinally important plants. The technique of cell selection are being used for 
the propagation of genetically manipulated superior clone and for ex situ 
conservation of valuable germpiasm. 
Cell culture line could be exploited for regeneration of important secondary 
compound or high value alkaloid compound. New perspective have sharpened the 
future of the way in which plant tissue culture can aid man. 
A reproducible regeneration system obtained in vitro may not only lead to 
large scale multiplication or creation of variability at will but also for the 
development of 'gene bank' in the true sense of the term for the conservation of 
phytodiversity. With the advent of modem biotechnology techniques plants are 
looked upon as a great potentialities to produce molecular farming products via cell 
culture technologies to produce valuable compounds at lower cost. The main 
advantage of in vitro technology is the ability to regenerate in vitro conservation of 
vegetative propagated medicinal and aromatic plants. Presently more than 1900 
accessions are being maintained under slow growth condition in the in vitro 
repository. 
In the present study Syzigium cuminii L. and Nigella sativa L. has been 
selected for the mass multiplication, propagation and conservation by adopting and 
standardizing the plant tissue culture technology. 
The results are summarized below 
Syzigium cuminii L, 
1. High level of fungal contamination was observed during the month of Jul to 
Sep. 
2. Surface sterilization of the shoot tip and nodal explant for more than 3 min 
leads to necrosis of the explant. 
3. Direct shoot regeneration from nodal explants was achieved on a medium 
containing various cytokinins (BA, KN and AdS) at various concentrations. 
Highest number of axillary shoots (6.89 ± 0.39) was achieved on MS medium 
containing BA lO^M. 
4. Addition of auxins with cytokinin does not affect the shoot percent 
regeneration or number of shoots. 
5. Higher concentration of TDZ (20|iM) proved to be the optimum for maximum 
number of shoots (7.27 ± 0.13) in nodal explant. Initial bud break appeared 
within a week of inoculation. Continuous presence of TDZ resulted in 
distorted shoots. Normal shoot growth occurred on transferring the shoot 
clumps on MS basal containing BA and NAA or BA and AdS. 
6. STN, chlorosis, unhealthy shoot growth and abscission of leaf had been a 
common phenomenon in all the PGRs tested except in CH mediated basal 
media. This was controlled by the addition of AdS in the basal media along 
with BA. 
7. Casein hydrolysate mediated basal media enhanced multiple shoot induction 
considerably and reduced time period for bud break and shoot induction. Best 
response was obtained on MS + BA15 yiM + CH lOOmg/1 having maximum 
of 7.51 ±0.15 shoots with maximum shoot length of 3.15 ±0.11cm. 
8. Repeated subculturing of the shoot clumps obtained on all the different PGRs 
resulted in enhancement of multiple shoots. 
9. Shoot tip and leaf explants did not respond satisfactory to any treatments 
10. Elongation of shoots was not evident on any of the cytokinins used singly or 
in combination with auxin. This was overcome by the addition of GA3 in the 
basal medium. Best elongation was obtained on 2.5 |iM GA3 exhibiting mean 
shoot length of 5.9 ± 0.17cm. 
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11. Adventitious root induction in regenerated shoots was readily achieved with 
various auxins (IBA and NAA) concentrations. Higher root frequency was 
achieved on MS half strength medium supplemented with 5 \iM NAA on 
which a maximum of 6.53 ±0.10 roots with mean shoot length of 7.16 ± 
0.20 cm were achieved. 
12. Healthy rooted shootlets were successfully acclimatized with 70% success in 
soilrite under culture room condition according to the procedure explained in 
Material and Method. Acclimatized in vitro raised piantlets were successfully 
transferred to field with 80% survival rate where they grew well with proper 
expanded leaves and intemodes. 
Nigella sativa L. 
1. The germination percent of Nigella seeds are very low (20%) in natural 
condition. Germination was markedly enhanced 70 % under in vitro 
condition on half strength MS medium amended with GA3 O.SjiM and 3% 
sucrose. 
2. Direct and indirect organogenesis was observed from the CN and leaf 
explant excised from seedlings on MS medium supplemented with 
different concentrations of Cytokinin/Auxin either singly or in 
combination. 
3. CN explants obtained from one week old seedlings were found to be most 
responsive for direct shoot regeneration on MS augmented with KN(2.5 
|iM ) with maximum of 14.12 ± 0.52 shoots with mean shoot length of 
4.1± 0.25 cm.. Addition of NAA increased the shoot number and length 
while IBA decresd the shoot vigor and length as well. 
4. CN explant on BA and AdS did not produce direct organogenesis. 
5. Different types of callus from friable to compact and yellow to green 
nodular calli were obtained on different PGRs tried. Callus induction from 
various explants (Leaf and CN) was achieved on MS fortified with 
different concentration of KN, BA and AdS. 
6. For callus induction and shoot bud differentiation from leaf as well as CN 
explants, BA (2.5nM) was found to be the most superior of all PGRs tried. 
7. The promotory effect of BA with NAA has been observed when the callus 
from single cytokinin treatment was transferred onto combination 
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medium. The number of shoot buds increased and shoots buds get 
transformed into shoots onto the combination medium of BA and NAA. 
Maximum shoots were obtained on MS fortified with 2.5n M BA and 
1 nM NAA with mean shoot length of 5.25 ± 0.06cm. 
8. The regenerated shoots exhibited vitrification and phenolic exudation if 
not transferred immediately within 2 weeks time period, leading to drying 
and death of shoots. 
9. In vitro regenerated shootlets were readily rooted on half amd full MS 
strength. The rooted plantlets were successfully acclimatized and were 
transferred to field condition with 25% survival. 
Thus, the present study describes an affordable reproducible and year round 
method for the production of healthy true to type uniform plants. In other words the 
present work connotes the successful production of Syzigium cuminii L. and Nigella 
sativa L. in high number highlighting the role and scope of economical important fruit 
crop and medicinal plant. Conservation and cultivation of muUipurpose plant is 
important under the present scenario of the ever mounting pressure of urbanization on 
the habitat of the plant, their destructive harvesting and lack of cultivation. 
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CONCLUSION 
From the present investigation following conclusion could be drawn. 
Syzigium cuminii L. 
1. Single Cytokinin BA (10|iM) treatment proves more promotory for shoot 
regeneration than auxin- cytokinin in combination. 
2. BA proved to be the best cytokinin for shoot regeneration other than KN and 
AdS. 
3. Best medium for shoot regeneration and elongation was observed to be CH + 
BA augmented basal medium. 
4. Best regeneration frequency along with multiple shoots, elongation and time 
period, exhibited the following order- BA + CH > TDZ > BA > BA + NAA 
5. Addition of AdS circumvents the STN, leaf chlorosis and abscission of leaves 
in 95 % of cultures. AdS(50 mg/1) proved best. 
6. Addition of GA3 (2.5 nM) enhanced the elongation of the stunted shoots. 
7. For rooting half strength MS + NAA (5 nM) proved best. 
Nigella sativa L. 
1. Both direct and indirect organogenesis has been observed. 
2. Best medium for direct regeneration was observed to be MS + KN (2 ^M). 
3. Best medium for indirect organogenesis was found to be MS + BA (2.5 p-M) 
in leaf explant, and BA (2.0 \\.M) in CN explants. 
4. In vitro rooting was easily obtained on half or full strength MS medium. 
5. Acclimatization and hardening of the plantlets were not easy due to fragile 
and thin shoot and roots and showed only 25 % success. 
Future prospect 
Plant Biotechnological technique an emerging field of interest has made for it 
phase impact on genetic improvement of woody species. With the available protocols 
one can enter the next phase of improvisation i.e. genetic upgrading of existing 
species and to find out the genetic fidelity of the cloned plant which is highly 
important for conserving elite clone. A combined programme of tissue culture and 
genetic transformation with the application of biotechnological tools would surely 
lead to a bright future. 
61 
Keference^ 
Chapter-7 
REFERENCES 
Abousalim A, Mantell SH (1994). A practiced method for allevialing shoot 
tip necrosis symphomus in vitro culture of Pistacia vera cr, Mateur J Hart Sci 
69:357-365. 
Agarwal V, Prakash S, Gupta SC (2002). Effective protocoal for invitro shoot 
production through nodal explants of Simmondsia chinensis. Biol Plan 45:449 
443. 
Ahmad N and Anis M (2007). Rapid clonal multiplication of a woody tree, Vitex 
negundo L. through axillary shoot proliferation. Agroforestry Syst 71:195-200. 
Ahmad N, Wali S.A. and Anis M (2008) In vitro production of true to type 
plants of Vitex negundo L. from nodal explants. Journal of Horticultural Science 
and Biotechnology S3(3): 313-317. 
Ahmad Z, Shah F.H. (1990) Micropropagation of Melia azadarach from 
nature Tissue Pakistan I Bot. 22: 172-223. 
Ahuja MR (1987). In vitro propagation of poplar and aspen In: Bonga JM Durzan 
DJ (eds.) .Cell and Tissue Culture in Forestry Vol 3, Martinus Nifhoff Publishers, 
Dordrecht, pp. 207-223. 
Ahuja MR (1993) Micropropagation a la carte. In Ahuja MR (ed) 
Micropropagatio of woody plants. Forestry series, Kluwer Academic 
publishers Dordrecht, pp. 3-9. 
Ainsley PJ, Collins GG, Sedgley M (2000) Adventitious shoot regeneration 
from leaf explants of almond {Prunus dulcis mill.). In vitro cellular 
developmental Biology plant 36: 470-474. 
Ajit kumar D and Seeni S (2002). Rapid clonal mollification through in vitro axillary 
short proUferation of Aegle marmelos (L) Correa A medicinal tree. Plant Cell Rep 11: 
422-426. 
Amin MN, Jaiswal VS (1993). In vitro response of apical bud explants from 
nature trees of jack first (Artocarpus heteroplyllus) Plant cell Tiss Org Cult 
33: 59-65. 
Anand A (1999). In vitro micropropagation of Syzigium travancornicum hamble 
- An endangered tree species. Plant Cell Tissue Organ cult 56: 59-63. 
Anis M, Husaiti MK and Shahzad A (2005). In vitro Plantlet regeneration of 
Pterocarpus marsuptium (Roxb.) - an endangered leguminous tree. Current Sci 
88: 861-863. 
Anonymous (1999). Sahih Muslim : Book 26 Kitab As-Salam, Number 5489. 
Anonymous (2001). The wealth of India, Raw Material, Vol-R Publication and 
information directorate CSIR, New Delhi, India. Pp. 63-65 
Anonymous (2003). The wealth of India, Raw Material, Vol-1 publication and 
information directorate, CSIR, New Delhi India. PP 93-102 
Anuradha M and Pullaiah T (1999). In Vitro seed culture and induction of 
enhanced axillary branching in Pterocarpus santalimus and Pterocarpus 
marsupium a method for rapid multiplication. Phytomorephology 49: 157-163. 
Armugam N, Bhojwani SS (1990). Somatic embryogenesis in tissue cultures of 
podaphyllum hexandrum .J of bat 68:487-491 
Arnold SV, Errikson T. (1981). In Vitro Studies of Adventitious short 
formation in Pinus contorta can. JBot 59:870-874. 
Arockia samy_S, Ignacimuthu, S Melchia SG (2000). Influence of growth 
regulators and explants type on in Vitro shoot propagation and rooting of red 
sandal wood {Pterocarpus santalinus L.). IndJExp BiolZ%: 1270-1273. 
Arora A and Chawla HS (2005). Organogenic plant regeneration via callus 
induction in chickpea (Cicer arietinum L.) Role of genotypes, growth regulators 
and explants. Indian J Biotech 4: 251-256. 
Azad MAK, Yokota S, Yahara S, Moshizawa N(2004).Effect of explant type 
and growth regulator on organogenesis in a Medicinal tree, Phellodendron 
amurense Rupr. Asian J of Plant Sc 3(4):522-528. 
Azad Mk and Amin MN(1998). In vitro regeneration of plantlets from intemode 
of Adhatoda vasica Nes. plant tissue and cell culture 8:27-34. 
Azad Mk and Amin MN(1998). In vitro regeneration of plantlets from intemode 
of Adhatoda vasica Nes. plant tissue and cell culture 8:27-34. 
Badji S, Maitone M, Nadiaye I, Merlin G, Danthu, P, Palma B, Lollona JP 
(1993). In Vitro propagation of the gum Arabica tree {Acacia Senegal L. 
Wild) developing a rapid. Method for producing plants plant Cell Rep\2: 629-
633 
Bajaj YPS and Gosal SS (1981). Tissue Culture of economically important 
plants (ed.) Rao AN, pp. 25-41. 
Ball E (1946). Development in sterile culture of stem tips and subjacent of 
Tropaclom majis L. and Lupimus albus L Amer JBot 3: 301-318. 
Bandyopadhyay S, Can K, Rasmussen G, hamill JD (1999). Efficient plant 
regeneration from seedling implants of two commercially important temperate 
eucalyptus species Eucalyptus nitens and E. globules. Plant Sci. 140:1 89-198. 
Banerjee S, Gupta S (2006). Embryogenesis and Differentiation in Nigella sativa 
leaf callus in vitro. Physiol Plantarum 38 (2): 115 - 120. 
Banerjee S, Gupta S (2010). Morphogenesis in Tissue Cultures of Different 
Organs of Nigella sativa. Physiologia Plantarum 33(3): 185 - 187. 
Barakat H, EI-Lakany MH (1992). Clonal propagation oi Acacia Saligina by 
shoot tip culture. Euphytica 59: 103-107. 
Bargdi. Mm, Alderson PG (1996). Control of shoot lip necrosis in Pistacia 
Vera L. In Vitro plant growth Reg 20: 31-35 
Barne DM and Mehta AR (1993). Clonal propagation of mature elite trees of 
Commiphora wightie. Plant cell tissue org Culture 35 237-244. 
Beck SL, Dunlop R, Staden J.V. (1998) Rejuvenation and micropropagation of 
adult Acacia meamsii using coppice material. Plant Cell Tiss Org Cult 26: 149-
153. 
Bellamine J, Penel C, Greppin H, Gaspar T (1998). Confirmation of the role of 
auxin and calcium in the late phases of adventitious root formation. Plant Grow 
/?eg 26:191-194. 
Benjamin BD, Roja PC, Heble MR and Chadha MS (1987). Multiple shoot 
cultures of Atropa belladonna.effect of physicochemical factors on growth 
and alkaloid formation. J Plant Nutr\29: 129-135. 
Benker M, Pijut, Ostry ME, Houston DR (1997). Micropropagation of 
juvenile and mature. American beech. Plant Cell Tiss Org Cult 57: 209-213. 
Bharti R, Shekbawat NS, Arya HC (1992). In vitro regeneration of planttets. 
For root segments of Aegle marmelos. Indian J Exp Biol 30: 844-845. 
Bbaskar P, Subhash K (1995). Micropropagation of Acacia magnesium 
willd, through modal bud culture. I nd J Exp Biol 34 590-591. 
64 
Bhat R, Shekhawat NS, Arya HC (1992). In vitro regeneration of planttets. For 
root segments of Aegle marmelos. Indian JExpBiol 30: 844-845. 
Bhatt LD. Dhar U. (2000). Micropropagation of Indian wild strawberry. Plant 
CellTissue and organ culture 60: 83-88. 
Bhojwani SS and Razdan MK (1996). Plant Tissue Culture: theory and practice. 
Elsevier, Amsterdam. 
Bhuyan AK, Pattnaik, S Cband PK (1997). Micropropagation of curry leaf tree 
Murraya koengii (L.) by axillary proliferation using intact seedlings. Plant cell 
Rep 16: 779-782. 
Biondi S, Thorpe TA (1982). Clonal propagation of forest tree species. In Rao. 
AN (ed). Tissue Culture of Economically Important plants. COSTED and Asian. 
Network of Biol. Sci Singapore- pp. 197-204. 
Boggetti B, Jarik J, Mantell, S. (1999). In vitro multiplication of cashew. 
{Anacardium occidentate L). Using shoot node explants of glass house raised 
plants. Plants cell Rep 18: 456-461. 
Bonga JM, Durzan DJ (eds) (1987). Cell and Tissue Culture in Forestry. Vol. 1 
Martinus Nijhoff, Dordecht. 
Bonga JM, Von Aderkas P (1992). In Vitro cultures of Trees. Kluwer Academic 
publishers. Dordrecht. 
Bordia, P.C; Joshi, A and Simlot, MM. (1995). Safed musli. In. Advances. In 
Horticulture Vol. II. Medicinal and Aromatic plants K.L. Chadha and R Gupta Malhotra 
Pub. New Delhi 110064, pp 429-451. 
Bourgin JP and Nitsch JP (1967). Obtention de Micofiana haploids a partir 
detamines cultivees in vitro. Ann Physio Veg 9: 377-382. 
Brainerd ME, Fuchignii LH (1981). Aclimatization of aseptically cultured apple 
plants to low relative humidity. J. Amer. Soc. HortSci 106: 515-518. 
Branand N, Brissette L. Lord D, Laliberte S (1996). Elongation, rooting and 
acclimatization of micropropagated shoots from mature material hybrid Larch. 
Plant Cell Tissue Org Cult 44: 37-44. 
Brown DCW, Thorpe TA (1986). Plant regeneration and organogenesis. In: 
Vasil IK (ed) Cell culture and somatic Cell Genetics of plants. Academic Press, 
New York. Pp.49-65. 
65 
Bunn E. (2005). Development of in vitro methods for ex situ conservation of 
Eucalyptus impensa, an endangered mallee from southwest western Australia. 
Plant Cell Tiss Organ Cult. 88: 97-102. 
Canhoto JM, Lopes ML, Cruz GS (1999). Somatic embryogenesis and plant 
regeneration in myrtle (Myrtaceae). Plant Cell Tiss Org Cult 57: 41-45 
Cao X, Liu Q, Rowland L J, Hammerschlag FA (1998) GUS expression in 
blueberry (Vsccinium spp): factors influencingh Agrobecterium mediated genr 
transfer efficiency. Plant Cell Rep 18:266-270 . 
Cbalupa V (1988). Large scale micropropagation of Quercus robus L. using 
adenine type cytokinin and thidiazunon to stimulate shoot proliferation Biol. 
Plant. 30: A\A-A2\. 
Cband S and Chandra S (1981). Induction of Organogenesis in Callus Cultures 
of Nigella sativa L. Annals of Botany 48: 1 -4. 
Chand S, Singh AK (2009). In Vitro shoot regeneration from cotyledonary node 
explants of a multipurpose leguminous tree Pterocarpus marsupium. Roxb. In 
Vitro Cell Dev Biol Plant 40: 464-466. 
Chaturvedi C, Bhatnagar SP (2001) High-frequency shoot regeneration from 
cotyledon explants of watermelon cv. Sugar baby. In vitro cell Dev Biol plant 
37:255-258. 
Chaturvedi HC (1975). Propagation of Dioscorea floribunda from in vitro 
culture of single-node stem segments. Current Sci4l: 839. 
Chaturvedi HC (2002). Conservation of phylodiversity through in Vitro 
morphogenesis In: Nandi SK, palni LMS, Kumar A (eds) Role of plant Tissue 
Culture in Biodiversity conservation gyanodaya pradashan, Nainital. PP. 503-
511. 
Chaturvedi HC and Mitra GC (1975). A shift in morphogenetic pattern on 
Citrus callus tissue during prolonged culture. Ann Bot 39: 683-687. 
Chaturvedi HC, Jain M and Kidwai NR (2007). Cloning of medicinal plants 
through tissue culture - A review. Indian JExpBiol. 45: 937-948. 
Coenen C, Lomase. TL (1997). Auxin cytoliuin interaction in higher plants. Old 
problems and new tools, trends in PL. Sci. 2: 351-356. 
Debergh PC and Zimmerman RH (eds) (1991). Micropropegation: technology 
and application kluwer Academic Publishers, Dordhrecht 
66 
Debergb PC, Maene U (1981). A scheme for commercial propagation of 
ornamental plants by tissue culture. Scient. Hort. 14: 335-345. 
Debergh PC. Read PE (1991). Micropropagation in: Debergh PC, Zimmerman 
RH (eds) Micro propagation: Technology and Application, Kluwer Academic 
Publishers, Dordrecht, pp. 1-13. 
Deora NS, Shekahwat NS (1995). Micropropagation of Capparis deciduas 
(forsk) edgew. A tree of arid horticulture. Plant cell rep 15:278-281 
Devi YS. Mukherjee BB, Gupta S (1994). Rapid cloning of elite teak (Tectona grandis 
L) by in vittx) multiple dioots production. IndJExp Biol. 32:668-671. 
Dewan A, Nanda K, Gupta S C (1992) In vitro micropropagation of Acacia 
nilotica supsp, indica Brenan via cotyledonaty nodes. Plant Cell Rep 12:18-21. 
Dhar U, Upreti J (1999). In vitro regeneration of a mature leguminous liana. 
{Bauhiniia vahlii Weight & Smote). Plant cell rep. 18: 664-669 
Dielan V, Lecouvet V Duport, Kinet SSM (2001) In vitro control of floral 
transition in tomato {Lycopersicon esculentum), the model for autonomously 
flowering plants, using the late flowering unfiflora mutant. Journal of 
experimental botany 52: 715-723. 
Distabanjog K. Geneve, RL (1997). Multiple shoot formation fixxn colyledonaiy node 
segments of Hasten red bud. Plant Cell Tiss Org Cidt 47:247-254. 
Driver JA, Suttle GRZ (1987). Nursery handling of propagules. In: Bonga JM, 
Durzan DJ (eds) Cell And Tissue Culture In Forestry Vol.2 Martinus NijhofF, 
Dordrecht, pp, 320-335 
Duhamel du Monceau HL (1756). La Physique des Arbres, ou II Est Trait ede I 
Anatomic des plantes et de I' economic vegetale pour Servir d Introduction au 
Trait e Complet des Bois et des Forests. P.H.L. Guerin Pub. (cited by Gautheret 
1985, p. 52). 
Eliasson MK, Beyl CA, Barker PA. (1994). In vitro responses and 
acclimatization of Prunus serotina with paclobutra zol: J Plant Growth Regu 
13:137-142 
Faisal M and Anis M (2003). Rapid mass propagation of Tylophora indica 
Merrill via leaf callus culture. Plant Cell Tiss Org Cult 75: 125-129. 
67 
Faisal M, Ahmad N and Anis M (2006). In vitro regeneration via de 
novo. Shoot organogenesis in callus culture of Ruta graveolens - A 
plant with medicinal and horticultural potential. Phytomorph 56: 183-
187 
Faisal M, Siddique I and Anis M (2006). An efficient plant 
regeneration system for Mucuno pruriens I. (DC) using cotyledonary 
node explants. In Vitro Cell Dev Biol Plant A2: 59-64. 
Faisal M, Singh S and Anis M (2005). In vitro regeneration and plant 
establishment of Tylophora indica (Burm. F.) Merrill: petiole callus 
culture. In Vitro Cell Dev Biol Plant 41:511-515. 
Gao X aod Bjork L (2000). Chemical Characters, Height and root weight in 
callus regenerated plants of Voleriano officinalis L. J Herbs Spices Med 
Plants T.3\-39 
Gautheret RJ (1939). Sur la possibilite de realiser la culture in define des tissues. 
De tubercules ale citrate C.R. AcadSci 208: 118-130. 
Gautheret RJ (1983). Plant tissue culture: A History. Bot. Mag. Tokyo. 96: 393-
410 
George EF (1993) Plant propagation by tissue culture, part-I (The technology 
Exugenics Ltd. Edington). 
Ghanti K, Kaviraj CP, Veougopal RBJ , Srinath R(2007 ). Rapid regeneration 
oi Mentha piperita L. from shoot tip and nodal explants. Indian J of biotechnology 
3:594-598, 
Gharyal PK and Maheshwari SC (1990). Differentiation in explants from 
mature leguminous tree. Plant Cell Rep 8: 550. 
Gharyal PK and Maheshwari SC (1990). Differentiation in explants from 
mature leguminous tree. Plant Cell Rep 8: 550 
Gulati' A, Jaiwal PK(2004). Culture conditions effecting plant regeneration from 
cotyledons of Vigna radiata (L.) Wilczek. Plant Cell Tissue and Organ Culture 
23:245-250. 
Gunay AL and Rao PS (1978). In vitro plant regeneration from hypocotyls and 
colyledon explants of red pepper {Capsicum). Plant Sci Lett 11: 365-372. 
Gupta PK (1993). Multipurpose trees for agroforestry and waste bud utilization. 
Oxford and IBH Pub. Co. Prt. Ltd. New Delhi. 
68 
Hammerschlag FA, Zimmerman RH, Yadava U I, Hunsucker S, Gercheva 
P.(1997). Effect of antibiotics and exposure to an acidified medium on the 
elimination of Agrobecterium tumifacience from apple leaf explants and on shoot 
regeneration JAmer Soc Hort Sci 122:758-763. 
Harry IS and Thorpe TA (1994). In vitro culture of forest trees. In Vasil and 
Thorpe (eds.) Plant Cell and Tiss Cult Kluwer Academic Publishers, Netherlands, 
pp 539-560. 
.Hazarika BN (2003). Acclimatization of tissue-cultured plants. Current Sci 85: 
1704-1712. 
He NT, How SW and Wang CY (2006). An efficient in vitro method for 
mass propagation of Potentilio potaninii Wolf. In Vitro Cell Dev Biol Plant 
42:415-417 
Huetteman CA and Preece JE (1993). Thidiazuron: a potent cytokinin for 
woody plant tissue culture. Plant Cell Tiss Org Cult 33: 105-119 
Husain MK, Anis M (2004). In vitro proliferation of shoots of Melia azedarach 
L. from mature trees. In : D' souza L, Anuradha M, Nivas S, Hegde S and 
Rajendra K (eds) Biotechnology for a Better future, SAC Publication. Mangalore, 
pp. 294-301. 
Husain MK, Anis M and Shahzad A (2007). In vitro propagation of Indian kino 
(Pterocarpus morsupium Roxb.) using thidiazuron. In Vitro Cell Dev Biol 
Plant 43:59-64 
Islam R, Hossain M, Karim MR, Jordan DI (1996). Somatic embryogenesis 
and plant regeneration in Aegle marmelos a multipurpose social tree. Cur Sci 71: 
529-260. 
Jagdishchandra KS and Revishankar Rai V (1986). In vitro propagation of 
forest Trees Cinnamomum zeylanicum and Syzigium aromaticum. Abstract of 
VI international Congress of plant tissue and cell culture. Minesota, USA pp. 
Jain N and Babbar SB (2000). Recurrent production of plants of black plum, 
Syzgium cuminii (L.) Skeels, a myrtaceous fruit tree from in vitro cultured 
seedling explants. Plant Cell Rep 19: 519-524 
Jaiwal PK and Gulati. A (1991). In vitro high frequency plant regeneration of 
tree legume Tamarindus indica L. Plant Cell Rep 10:569-573 
69 
James DJ (1983). Adventitious root formation in vitro in apple rootstocks (Malus 
pumila) J. Factor affecting the length of the auxin sensitive phases in M.9. Physiol 
Plant 57: 149-153. 
James DJ, Passey AJ, Malhotra SB (1984) Organogenesis in callus derived 
from stem and leaf tissues of apple and cherry rootstock, Plant tissue and organ 
culture, 3: 333-341. 
JanickJ (1979). Horticulture Science W.H. Freeman and Company, San 
Francisco., pp. 608 
Jha AK, Prakash S, Jain N, Nanda K, Gupta SC (2004) Micropropagation 
of Sesbania rostrata from the Cotyledonary Node. Biologia Plantarum 48 (2): 
289-292. 
Jones TC, Batchelar CA, Harris PK (1990). In vitro culture and propagation of 
Acacia sp {A bivenose, A notosericea, A salicina, A saligna and A sclerosperma). 
Intl Tree crops J 6:183-192. 
Kang KY, Ha SH, Jeong HB, Jeong JS & Lee SS (1994) Study on the tissue 
culture of strawberry (Fragaria X ananassa) 2. Organ differentiation and vims 
free stock production from petiole tissue culture, R.D..4.J. Agricul Sci Biotechnol 
36:193-198. 
Kaur K, Kant U (2000) Clonal propagation of Acacia catechu willd. by shoot tip 
cultures. Plant Growth Reg 31: 143-145. 
Khan S, Iftikhar M, Saeed B (2004) An economical and efficient method for 
mass Propagation of Ixora coccinea. Pakistan Journal of Botany 36(4): 751-756. 
Khurana P, Bhatnagar S, Kumari S (2005). Thidiazuron and woody plant tissue 
culture. J Plant Biol 32: 1-12. 
Kim MK, Soomer HE, Bongarten BC and Merkle SA (1997). High frequency 
induction of adventitious shoots from hypocotyl segments of Liquidamber 
styraciflua L. by thidiazuron. Plant Cell Rep 16: 536-540 
Kopp MS and Nataraj K (1990). In vitro plant let regeneration from shoot tip 
culture of Tamarindus indica L. Indian Journal of Forestry 13: 30-33. 
Kotte W (1922). Kulturver suche mit isolierten wurzelspitzen. Beitr. Allg. Bot. 
2:413-434. 
Kukreja AK, Mathur AK and Zaim M (1990). Mass production of virus free 
patchouli plants [Pogostemon cablin (Blanco) Benth]. TropAgric 67: 101-104 
70 
Kumar R, Sharma K and Agrawal V(200S). Shoot multiplication in 
Hollorhena antidysentrica(L.) through nodal explant from mature trees. In vitro 
cell dev Biol Plant 41:137-144. 
Kumar R, Sharma K, Agrawal V (2005). In vitro clonal propagation of 
Holarrhena antidysenterica L. wall, through nodal explants from mature tress. In 
vitro Cell. Dev. Biol. Plant 41-
Sankha D, Davis T D, Sankla N (1996) In vitro regeneration of silk tree (Albizzia 
julibrissin) from excised roots. Plant Cell Tiss and Org Cul 44:83-86. 
Kumar S and Shankar V (1982). Medicinal plants of the Indian Desert. 
Commiphora wightii(Amott). Bhandari JArtidEnviron 5: 111. 
Lakshmisita G, Rhagavaswamy BV (1993). Regeneration of plantlets from leaf 
disc cultures of rose wood. Control of leaf abscission and shoot tip necrosis. Plant 
5c/88:107-112. 
Linsmaier, EM and S Koog, F (1965). Organic grow in fact requirement of 
tobacco. Tissue cult Physiol Plant 18:100-12. 
Litz R and Jaiswal VS (1990). Micropropgation of tropical and subtropical 
fruits. In. Debergh PC, Zimmerman R H (Eds) Micro propagation Technolgy and 
application , . Kluwer Academic Publishers, Dordrecht, pp 247-266. 
Litz RE (1984). In vitro response of adventitious embryos of two polyembryonic 
Eugenia Species. Hort Science\9: 720-722 
Mackay WA, Tipton JL Thompson GA (1995) Micropropagation of Mexican 
red bud, Cercis Canadensis var. Mexicana. Plant Cell Tiss Org Cult 43: 295-299. 
Maity S, Ray S and Banerjee N (2005). The role of plant growth regulators on 
direct and indirect plant regeneration from various organs of Leucaena 
leucocephala. Acta Physiol Plant 27: 473-840. 
Malik KA and Saxena PK (1991). Regeneration in Phaseolus vulgaris L. 
promotive role of 6-benzylaminopurine in culture from juvenile leaves. Planta. 
184: 148-250. 
Malik KA, Saxena PK (1992) Regeneration in Phaseolus vulgaris L. high 
frequency induction of direct shoot formation in intact seedlings by N -^
benzylamino purine and thidiazuron. Planta 186:384-389. 
71 
Malik KA, Saxena PK (1992) Thidiazuron induces high frequency shoot 
regeneration in intact seedlings of Pea (Pisum sativum),Chickpca (Cicer 
arietinum) and Lentil (Lens culinaris). Aust J Plant Physiol 19: 731-40. 
Mantell SH and Hugo SA (1989). Effect of photoperiod, mineral medium 
strength, inorganic ammonium, sucrose and cytokinin in root, shoot and 
microtuber development of Dioscorea alata L. and D. Bulbifera L. Yam. Plant 
Cell Tiss Org Cult 6: 23-37. 
Mariska I, Galidan E and Sukmadjaja D (1989). Nutmeg Edisikhusus. lett 
(Indonesia) 5 :42-43. 
Martin KP (2002). Rapid propagation of Holostemma ada-kodien Schult. A rare 
medicinal plant, through axillary bud multiplication and indirect organogenesis. 
Plant Cell Rep 2\: 112-117. 
Mascarenhas AF, Kendurkar SV, Gupta PK, Khuspe SS. Agarwal DC 
(1987). Teak In: Bonga JM. Durzon DJ (eds) Cell And Tissue Culture In Forestry 
Vol. 3, Martinus Nijhoff Publishers, Dordrecht, pp. 300-315. 
Mathew MK and Hariharan M (1990). In vitro multiple shoot regeneration in 
Syzigium aromaticum. Ann Bat 65 : 277-179 
Miller Co (1961). Kinetin and related compounds in plant growth. Annual. Rev. of 
Plant Physiol 12: 395-40^ 
Miller Co and Skoog F (1953). Chemical control of bud formation in tobacco 
stems segments. American J of Bat 40: 768-773 
Mok MC, Mok DWS, Armstrong DJ, Shud K, Isogai Y, Okamoto T 
(1982). 'Cytokinin activity of N-phenyl-N-1, 2, 3-thidiazol-5-ylurea 
thidiazuron). Phytochem 21: 1509-1511 
Morel G (I960) Producing virus free Cymbidium, Am. Orchid. Soc Bull 29: 495-
497 
Morel GM, Martin (1952) Guerison de dahlias atteints d une maladie a virus CR. 
AcadScil3S: 1324-1325. 
Mott RL (1981). 'Trees' In: Cloning Agricultural Plants via in vitro techniques. 
(Ed.). Conger BV Baton Roca Fl. U.S.A.: C.R.C. Press 217-254 
Muir WH, Hilderbrandt AC, Riker AS (1954). Plant tissue culture produced 
from single isolated cells. Science 119:877-878 
72 
Murashige T (1971). Plant cell and organ culture as horticulture practices. 
AclaHort 7i:\7 
Murashige T (1974). Plant propagation through tissue culture. Ann Rev Plant 
Physio 25: \35-l66 
Murashige T and Skoog F (1962). A revised medium for rapid growth bioassays 
with tobacco tissue cultures. Physiol Plant 15: 437-497 
March SJ, Saxena PK (2001) Molecular fate of thidiazuron and its effect on 
auxin transport in hypocotyls tissues of Pelargonium hortorum Bailey. Plant 
Growth Reg 35:269-275. 
Murthy B N S, Murch S J, and Saxena P (1998). Thidiazuron: A potent 
regulator of in vtiro plant morphogenesis. In vitro Cell & Dev Biol Plant 34:267-
275. 
Nagori R and Purohit SD (2004). In vitro plantlet regeneration in Anona 
squamosa through direct shoot bud differentiation on hypocotyl segments. Sci 
Hort 99: 89-98. 
Naik SK, Pattnaik S, Chand PK(2000). High frequency axillary shoot 
proliferation and plant regeneration from cotyledonary nodes of pomegranate 
{Punica granatum L.) Scientia Horticulturae 85(4): 261 -270. 
Ning GG, Bai SP, Bao MZ and Liu (2007). Factores effecting plantlet 
regeneration from in vitro cultured embryos and cotyledons of Prunus mume. In 
Vitro Cell Dev Boil Plant 43:95-100 
Nirmal B K, Anu A, Ramashree AB and Perveen K (2000). Micropropagatin 
of curry leaves tree. Plant Cell Organ Cult 61: 199-203 
Nirmal BK, Sajina A, Minoo D, John PM (2003). Micropropagation of camphor 
tree (Cinamomum camphora). Plant Cell Tiss Organ Cult 9:81-88. 
Nobecourt P (1939). Surla perennite et I augmention de volume des culture de 
tissus vegetaux. CR Seances Soc Bio Sci Fill 13: 1270-1271. 
Nodolska-Orezyk A (1992) Somatic embryogenesis of agriculturally important 
lupin species (Lupinus angustifolius, L albus, L mutabilis).Plant Cell Tiss Cuh 
28:19-25. 
Norgaard JV and Krogstrup P (1991) Cytopkinin induced from immature 
embryos of Abies nordmanniana L. Plant Cell Rep 9: 509- 513. 
73 
Omura M, Hidaka T (1992) Shoot tip culture of Citrus. I. culture condition. 
Bull. Fruit Tree Res Stat 22:23-26. 
Omura M, Matsuta T, Miguchi T, Kazaki I and Samada T (1987). 
Establishment of Tissue culture methods in dwarf pomegranate {Punica granatum 
L. var. nana) and application for the induction of variants. Bull Fruit Tree Res Stn 
A 14: 17-44. 
Pandey S, Singh M, Jaiswal U and Jaiswal VS (2006). Shoot initiation and 
multiplication from a mature tree of Terminalia arjuna Roxb, In Vitro Cell Dev 
Biol Plant 42: 3^9-393. 
Parveen S, Shahzad A and Saema S (2010). In vitro plant regeneration system 
for Cassia siamea Lam., a leguminous tree of economic importance 
Patnaik, J. and Debata, B.K. (1996) Micropropogetion of Hemidesmus Indicus 
(L.) R Br. Through axillary bud culture. Plant cell Rep 15: 427-430. 
Paudyal KP, Haq N (2000) In vitro propagation of pummelo {Citrus grandis 1. 
Osbeck). In vitro celldevBiolplant 36: 511-516. 
Pereira AMS, Amui SF, Bertoni BW, Moraes KM and France SC (2003). 
Micropropagation of Anemopaegma arvense: Conservation of an endangered 
medical plant. Planta Medica 69: 571-573. 
Pereira AMS, Amui SF, Bertoni BW, Moraes RM and France SC (2003). 
Micropropagation of Anemopaegma arvense: Conservation of an endangered 
medical plant. Planta Medica 69: 571-573. 
Pierik, R.L.M. (1987). In vitro Culture of higher plants Dordrecht. The 
Netherlands. Martinus NijhofF.. Plant Cell Tiss Org Cult 107-111 2004 
Pospisilova J, Ticha I, Kadlecek P, Haisel D and PIzakova S (1999). 
Acclimatization of micropropagated plants to ex vitro conditions. Biol Plant 42: 
481-497. 
Pradhan C, Kar S. Pattnaik S, Chand PK (1998). Propagation of Dalbergia 
sissoo Roxb. through in vitro shoot proliferation from cotyledonadry nodes. Plant 
CellRep 18: 122-126. 
Prakash S, Agarwal V, Gupta S (2003) Influence of Pummelo {Citrus grandis 
L. Osbeck). In vitro cell dev Biol plant 39:217-222. 
74 
Preece JE and Sutter EG (1991). Acclimatization of micropropagated plants to 
the green house and field In: Debergh PC and Zimmerman RH (eds) 
Micropropagation; Technology and Application. Kluwer Academic Publisers, 
Dordrecht, pp 71-93 
Purohit SD and Kukda G (2004). Micropropagation of an adult tree Wrightia 
tinctoria. Indian J Biotech 3: 216-220. 
Qin C, Dong ZL ,Liu WX,Deng ZR,Tang L (2005). Effect of exogenous plant 
growth regulator on in vitro regeneration of cotyledonar explants in pepper .Not 
Bot Hort Agrobat Cluj 33. 
Quraishi A Mishra SK (1998). Micropropagation of nodal explants from adult 
tree of Cleistanthus collinus. Plant Cell Rep 17:430-433. 
Quraishi A, Koche V and Mishra Sk (1997). Micropropagation of Lagerstroemia 
passiflora through axillary bud culture. Silvae Gunet 46: 142-245. 
Quraishi A, Mishra SK (1999). Micro propagation of nodal explants from adult 
tree of Cleistanthus collinus. Plant Cell Rep 17 : 430-433 
Raha S, Roy SC (2001). In vitro plant regeneration in Holorrhena dysentrica 
wall. Through high frequency axillary shoot proliferation. In vitro cell Dev Biol 
Plant 37:232-236 
Rahman SM, Hossian M, biswas BK, Jorder OI, Islam R 
(1993). Micropropagation of Caeselpinia pulcherrtmo through nodal bud 
culture of mature tree. Plant Cell Tiss Org Cult 32: 363-365 
Rai MK, Jaiswal VJ, Jaiswal U (2009). Shot multiplication and plant egeneratin 
of Guava (Psidium guajava L.) from nodal explants of m vitro plantlets. J. of fruit 
Rajeshwari V, Paliwal K (2006). In vitro propagation of Ablizia odoratissima 
L.F. (Bentil) from cotyledonary node and leaf nodal explants. In vitro Cell Dev 
Biol Plant 42: 399-404. 
Rajore S, Batra A (2005). Efficient Plant regeneration via shoot-tip explant in 
Jatropha curcas L. J Plant Biochem and Biotech 14: 73-75. 
Ramashree AB, Varghese T T, Raghu AV, Nabeese and Neelakandam N 
(2007). Micropropagation of Syzigium cuminii skeels. A multipurpose tree. 
Research Journal of Botany 2(4) 208-213 
75 
Rao AN, Yeow MS, Kothagoda, Hutchinson JF (1982). Cotyledon tissue 
culture of economically important plant. Ppl24-137. Proc. Int.symp. Singapore 
coasted and ANBS(cited by George et al. 1987) 
Rathore V, Shekhawat NS, Singh RP, Rath ore JS and Daglen HR (2004). 
Cloning of adult trees of Jamun (Syzigium cuminii). Indian journal of 
Biotechnology 3: 241-254. 
Ravishanker Rai V, and Jagadish chandra KS (1987). Clonal propagation of 
Cinnamomum zeylanicum Breyn by tissue culture. Plant Cell Tissue And Organ 
Culture 9: n-%%. 
Reinert J (1958). utersuchungen die Morplrogenese an Gewebekulturan, Ber. 
Dtsch.5o/Ge5 71:15. 
Reinert J (1959). Uberdie kontroUe der Morphogevese and die induction von 
adventives embryories an gewe kuttrwren and karotten. Planta 53: 318-333 
Robbins W J (1992). Cultivation of excised root tips and stem tips and under 
sterile conditions. Bat Gaz 73:367-390. 
Rout G R and Das P (1997). In vitro Organogenesis in Ginger (Zingiber 
officinale Rose). Journal of Herbs Spices & Medicinal Plants 4 :41-51. 
Rout GR, Mallik UC and Das P (2000). In vitro manipulation and oi Plumbago 
zeylanico Linn. Plant Growth Reg. 28: 1-4. 
Roy PK, Rahman M and Roy SK (year) Clonal propagation, In vitro culture, 
Syzygium cuminii.L Acta Horticulturae 429: XIII International Symposium 
on Horticultural Economics 
Roy SC and Aparajita S (2003). In vitro regeneration and micropropagation of 
Aloe vera L. Scientia Hort 471(2):107-113. 
Saba, purohit M, Iqbal M, Srivastava PS(1997). Seed germination studies on 
an important medicinal plants .Silibum marianum L. HamdardMedica. 40:31-33 
Sahoo Y and Chand PK (1998). Micropropagation of Vitex negundo L. a -
woody aromatic medicinal shrub, through high frequency axillary shoot 
proliferation. Plant Cell Rep 18: 301-307. 
Satheesh KK and Bhavanandan KV (1988). Micropropagation of Plumbago 
rosea Linn. Plant Cell Tiss Org Cult 15:275-278. 
76 
Selvakumar PR, Anbudurai, and Balakumar T (2001). In vitro propagation of 
the medicinal plant Plumbago zeylanica L. through nodal explants. In Vitro Cell 
Dev Biol Plant 31:2%0-2U. 
Selvapandiyan A, Subramani J, Bhatt PN, Mehta AR (1988). A simple method 
for direct transplantation of cultured plants to the field. Plant Sci 56: 81-83. 
Sen B , Gupta S(2010). Differentiation in Callus Cultures of Leaf of Two 
Species of Trigonella. Physiologia PlarUarum 45 (4) :425 - 428. 
Shah Valli khan (1997). In vitro micropropagation of an endemic fruit tree 
Syzigium altemifolium (Wight). Plant Cell Rep 16: 325-328. 
Shahin-uz-zaman M, Ashrafuzzaman M, Shahidul Haque M and Luna LN 
(2008). In vitro propagation of the neem tree (Azadiracta indica A. Juss ). African 
Journal of Biotechnology 7(4):386-391. 
Shahzad A, Faisal M, Anis M (2007). Micropropagation through excised root 
culture of Clitoria ternatea and comparison between in v//ro-regenerated plants 
and seedlings y4«na/5 of Applied Biology 341 - 349. 
Shahzad A, Faisal M, Anis M (2007). Micropropagation through excised root 
culture of Clitoria ternatea and comparison between in vitro regenerated plants 
and seedlings. Plant Cell Reports 150(3): 341 - 349. 
Shahzad A, Parveen S, Fatema M (2010). Development of a regeneration 
system via nodal segment culture in Veronica anagallis-aquatica L.- an 
amphibious medicinal plant. Journal of Plant Interactions 
Shahzad, M. Faisal & M. Anis (2007). Micropropagation through excised root 
culture of Clitoria ternatea and comparison between in v/Yro-regenerated plants 
and seedlings. Annals of Applied Biology. Plant Cell Reports 150 (3) :341 - 349. 
Sharma AK, Sharma M, Chaturvedi HC (2002). Conservation of 
Phytodiversity of Azadiracta India A. Juss. Through in vitro strategies, in Role of 
Plant tissue culture in Biodiversity Conservation and Economic 
development (eds.) S.K. Nandi, Palni IMS and A Kumar (Gyanodaya 
Prakashan Nainital, India} 513 
Sharma PK, Tyagi P, Sharma KC and Kothari SL (2003). Clonal 
micropropagation of Createva adensonii (DC) Prod.a multipurpose tree. In vitro 
Cell Dev Biol Plant 39:156-160. 
Shatnavi MA, Johnson KA and Torpy FR (2004). In vitro propagation and 
dehydration method. In vitro cell dev Biol Plant 40:403-407. 
Shazhad A, Hasan H and Siddiqui SA (1999). Callus induction and 
regeneration in Solanum nigrum L. in vitro. Phytomorphology 49: 215-220. 
Shekhawat NS, Rathore TS, Singh RP, Deora NS, Rao SR (1993). Factors 
affecting in vitro clonal propagation of Prosopis cineraria. Plant Growth Reg 12. 
273-280. 
Shekhawat NS, Rathore TS, Singh RP, Doera NA, Rao SR (1993). Factors 
affecting in vitro clonal propagation of Prosopis cineraria Plant Growth Reg 12: 
273-280. 
Shiau YJ, Nalawade SM, Hsia CN, Mulabagal and HS Tsay (2005). In vitro 
propagation of the Chinese medicinal plant, Dendrobium candidum wall, from 
axenic nodal segments. In Vitro Cell Tiss Org cult Plant 41: 666-670. 
Singh AK, Chand S, Patnaik S, Chand PK (2002). Adventitious shoot 
organogenesis and plant regeneration from cotyledons of Dalbergia sissoo Roxb. 
a timber yielding tree legume. Plant Cell Tiss Org Cult 68: 203-209. 
Singh Z, Grewal GPS, Singh L (2000). Effect of Gibberellin A4/A7 and blossom 
thinning on fruit set, relaxation, quality ,shoot growth and return bloom 
phase(Grewia asiatica) Acta Hort 525: 463-466 
Sinha R.K, Majumdar K, Sinha S (2001). In vitro differentiation and plant 
regeneration of Delbizia chinensis (OSB) Merr. In vitro Cell Dev Biol Plant 
36:370-373. 
Sircar PK (1986). A study of the rooting behavior in forced lateral cutting. Plant 
Prop 32(1): 9-n. 
Siril EA, Dhar U (1997). Micropropagation of mature Chinese wallow tree 
iSapium sebiferum Roxb.) Plant Cell Rep 16: 637-640. 
Sivanesan I, Hwang J and Jeong BR (2008). Influence of plant growth 
regulators on axillary shoot multilplication and iron source on growth of 
Schrophularia takesimensis Nakai- a rare endemic medicinal plant. African J of 
Biotech 7(24): 4484-4490. 
Sivaram L and Mukundan U (2003). In vitro culture studies on Stevia 
rebaudiano. In Vitro Cell Dev Biol Plant 39: 520-523. 
78 
Skoog F and Miller Co (1957). Chemical regulation of growth and organ 
formation in plant tissue cultural in vitro, Symp Soc Exp Biol 11: 118-131. 
Srivastava N and Rajani M (1999). Multiple shoot regeneration and tissue 
culture studies on Bacopa monnieri (L.) Pennell. Plant Cell Rep 18: 919-923. 
Steward FC, Mapes Mo and Mears K (1958). Growth and organized 
development of cultural cell. 11. Organization in cultural grown from freely 
surpended cells. AmerJBot 45: 705-708. 
Sudha CG and Seen! S (1994). In Vitro and regeneration of Carthamus tinctorins 
and wild Carthamus species from leaf explants and axillary buds. Biol Plant. 51: 
782-786. 
Sujatha G and Kumari BDR (2007). Effect of phytohormones on 
micropropagation of Artemisia vulgaris L. Acta Physiol Plant 29: 189-195. 
Thakur RC and Karnosky DF (2007). Micropropagation and germplasm 
conservation of Central Park Spender Chinese elm {Ulmus parviflora Jaeq. 
'A/Ross Central Park') trees. Plant Cell Rep26: 1171-1177. 
Thakur, R.S. and Hussain, A. (1989). Major medicinal plants of India. Central 
Institute of Medicinal and Aromatic plants, Lucknow, 531-534. 
Thomas JC, Katterraan(1986). Cytokinin activity induced by thidiazuron. Plant 
pAy^/o/81:681-683 
Thorpe TA (1980). Organogenesis in vitro structural, physiological and 
biochemical aspects. International Rev Cytol 11:71. 
Thorpe TA and Harry IS (1990). Special problems and prospects in the 
propagation of woody species. In: Plant Ageing: Basic and Applied Approaches. 
(eds.) Rodriguez, R. et al. New York: Plenum Press pp 64-74. 
Trigiano RN and Gray DJ (2000). Plant tissue culture concepts and laboratory 
Exercises (Ilnd eds.). CRC press, London 
Tripathi L and Tripathi JN (2003). Role of biotechnology in medicinal plants. 
Tropical of pharmaceutical Research. 2: 243-25. 
Tripathi M, Kumari N (year) Micropropagation of a tropical fruit tree Spondias 
mangifera 
Tripepi RR (1997). Adventitious shoot regeneration. In. Biotechnology of 
ornamental plants biotechnology in agricultural science. Geneva RL, JE Preece 
and SA Merle (eds) No. 16. Wallingford: Cab International pp.45-71. 
79 
Upadhyay R, Arumugam N and Bhojwani SS (1989). In vitro propagation of 
Picrorhiza kurroa Royle ex. Benth: an endangered species of medicinal 
importance. Phytomorphology 39: 235-242. 
Vasil IK, Hildebrandt AC (1965). Differentiation of tobacco plants from single 
isolated cells in microcultures. Science 150: 889-890. 
Vengadesan G, Ganapathi A, Anand P R. and Selvaraj N (2003). In vitro 
propagation of Acacia sinuate (Lour.) Merr. from nodal segments of a 10 years 
old tree. In vitro Cell Dev Biol Plant 39: 09-414. 
Victor JMR, Murthy BNS, Murch SJ, Krinnaraj S, Saxena (PK) (1999) Role 
of indigenous purine metabolism in thidiazuron-induced somatic embryogenesis 
of peanut (Arachis hypogea). Plant Growth regul 28:41-47. 
vitro Plantlet regeneration of Pterocarpus morsupium (Roxb.)- an endangered 
leguminous tree. Current Sci 88:861-863. 
Walia N, Kaur A, Babbar B (2007). An efficient in vitro cyclic production of 
shoots from adult trees of Creatava nurvula. Buch Hahn. Plant Cell Report 
26:277. 
Wang H, liu H, Wan W, Yuang ZU (2008) Effect of thidiazuron, basal medium 
and light quality adventitious shoot regeneration from in vitro cultured stem of 
Populus alba + P berolinensis. J for rejl9(3): 257-259. 
Wang SY, Steffens GL and Faust M (1986). Breaking bud dormancy in apple 
with a plant bioregulator, thidiazuron. Phytochemistry 25: 311-17. 
Watt MP, Berjak P, Makhattini A and Blakeway F (2003). In vitro field 
collection techniques for Eucalyptus micropropagation. Plant Cell TissOrg. Cult 
75: 233-240. 
White PR, Braun AC (1941). Crown gall productions by bacteria fi-ee tumor 
tissues. Science 94: 239-214. 
WIdi E, Schafner W and Berger KB (1998). In vitro propagation of Petasites 
hybridus (Asteraceae) from leaf and petiole explants and from inflorescence buds. 
Plant Cell Rep n.3>36-ZAQ. 
Welter KE (1968). Root and shoot inhibition in aspen callus cultures Nature 219: 
509-510. 
Yadav U, Lai M & Jaiswal VS (1990). In vitro micropropagation of tropical fruit 
tree Syzigium cuminii L. Plant cell Tissue Organ cult 21 : 87-92. 
80 
Yapabandara Y M H, Litz RE and Dananayak M D (1986). In vitro shoot tip 
culture of two woody spice plants; Nutmeg {Myristica fragrance Houtt) and all 
spice (Pimenta dioca). Abstract of 6* International congress of plant tissue and 
cell culture, Minnesota. U S A.pp-452. 
Zhang T, Gao ZY, Wang XY (2007). Induction of somatic embryogenesis and 
plant regeneration from cotyledon and hypocotyl explants ofCucumis sativa Mill. 
In Vitro Cell Dev Biol Plant 41: 655-657. 
Zimmerman RH (1986). Propagation of fruit, nut and vegetables crop overview 
in: Zimmerman RH, Sriesbuch RJ, Hammerschlag FA, Lawson RH (eds) Tissue 
Culture As A Plant Production System For Horticultural Crops. Martinus Nijhoff" 
Publishers, Dordrecht, pp. 183-200. 
81 
